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Title: 

METHOD FOR FORMING SEMICONDUCTOR LAYER 



Abstract: 

PROBLEM TO BE SOLVED: To provide a forming method for a semiconductor which can 
shorten an operation time and lower manufacture cost by greatly decreasing the defect 

density of structure defects in the semiconductor layer, especially the density of 
penetration dislocation, without requiring complicated processes. SOLUTION: With this 
method for forming a semiconductor layer, a structural defect suppressing substance 
which suppresses structure defects in the semiconductor layer is supplied to then top 
surface of a substance layer, where the semiconductor layer is formed. 
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^*#Ji«t'«)#36>:ttSr«i«I-r5«i6^te#|iftiJ4feKS:, 

Sco^Etc:. Jgfigi-^t yaffle® * a>«5S^:teSrWi«di" 
t. 

U 

HtJfB^3CD^.^ s/^*5(tS|g^^Jl<OKJ?$r 1 n m 

Bid, i^I^t5^5©^T5//i:S:tU 

[f»*JS6j W*3S4 4fc»ifi*JS5(75V^-rH75»l« 
< 1 1 ffiE$ 2 ^ :/ 7°* fcttSuiSSB 4(D^r-7 
^/j:< ttu— If— ^v 5 ^^ -T^j-vt'— 

[Sft$>g7] !i#il4, St#J§5*fcf4fiJfcJK6CD^ 
'P ta < 1 1 mlfejfi 2 © * r- y -7% It 14 firlEfg 4 tf> y -;/ 
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»I©M*& 

^^2 60^^2/7°^ SrtfU 
20 B«tE^2<0^^y^fC < toTff^$4x/cSfj|E^flsgcr) 

Jiwratofci-'** **<*«Sr»*-r «t 9 nuts 

mifS 3 (O * 7- y :/£:iiufESS 2 (D T y -fftlfeT b tz.'& (d 
'Pt£< 1 1 1 @tt1?5 t«5-C*>5^*fl:Jl«)®j**«tc 0 
30 [»*«10J »**8 4fcJ4m*3H9«0^^i"*t*>l 

'>^< t 2 <DX^ y^&tztefjtisZWi 3 (DX'r y 

'M<t{)i — 1f-3t, «^», 5^*^ ^>t- 

[IS*ig 1 1 ] W#J5 8 , fS*« 9 * fc(4ft*« 1 0 

'>ne < 1 1 ffie jB 2 ^ ;/ fc (4Hfjl2^ 3 <D X 7- y 
40 T/C^Tft^ldio^T, 

[«*JS1 2] ff*:JS4, »*«5, ft#3S6 x 

1**318, W*iS9, »#i5l 0*fc(4HI#J£l 
1 C^fJi^ 1 *»c|2«co^#:e©^*fe»cj3V^ 
t, 

H(FlBSffil4, «flS'>yaV»tE (6H-SiClfi, 4 

H-SidS) , ^yaytvyaytoais 
so « (si c/s i s«) % ->y avis (s i s«) N 
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f7 7 >f7lffi (Al 2 O, Sffi) > mtW&b*7T 

jTtoimm&m (zno/Ai 2 o 3 mm , 

:x->ASJ£ (GeSK) , MWy^ASfi (G a A s 
g«0 > tfWV^^SS (I nAsSfi) , Visit 
ify^^IS (GaPSS) , !)yft>fy^«?AStR 
(I nPStg) Sfcte-Xt^M^jR (M g A 1 2 0< , 
L i G a 0 2 ) T'foO , 

«trlE»Jt*»»«iJ«Jt*i> 5c»oflJBI«K:*5*t« I -A 
^coh (tK^) . i i -Am<DB e (-< y y $ A) , M 

g (-v^v^A) % I i I -BSOA 1 ~r> 
A) , Ga (# y *A) % I n W^^^A) , I V- 

sm<Dc (mm) . s i c^st) , c e (^u-^? 

A) , Sn (*X) , V-B^CON . P (V 

» , A s (tig) , Sb (T/W^V) , itttVI 
-BiOO , S («fft) , Se (twy) , T 

e (f;wv) "T?$>0 % 

K) , Si (i^])=i» , Ge (^y^^^A) , S i 
C, SiGe, SiCGe I I I -V$|~5rj 

^^*-C*)^BN, A 1 N, GaN, I n N, BP, 
A1P, GaP, I n P, BAs N AlAs, G a A 
s, InAsT'fcSK I I I-VSZ5cMfrfiSft 
tfc^BA IN, B G a N , B I n N, A 1 G a N, A 
1 I nN, G a I nN, BA 1 P, BG a P, Bin 
P. A 1 G a P , Al I n P, Ga I n P, B A 1 A 
s , BGaAs s B I n A s , A 1 G a A s , Al In 
As, G a I n A s , BNP, BNA s , B PA s , A 
1 NP, A 1 NA s , A 1 P A s , G a NP, GaNA 
s , G a P A s , InNP, I n N A s , InPAst' 
I I I -VSE%M B B B ^f*t*fc^BA 1 G 
a N, B A 1 I n N, B G a I n N, A 1 G a I n N, 
B A 1 G a P, B A 1 I n P, B G a I n P, A I G a 
I n P, B A 1 G a A s , B A 1 I n A s , BGaln 
As, AlGalnAs, BA1NP, BGaNP, B 
InNP, AlGaNP, Al InNP, GalnN 
P, BAlNAs, BGaNAs, BInNAs, Al 
GaNAs, Al InNAs, GalnNAs, BA1 
PAs, BGaPAs, BInPAs, AlGaPA 
s, Al InPAs, GalnPAs, BNPAs, A 
INPAs, GaNPAs, InNPAstfcS^ * 
fclil I-VlS^»*tfe5ZnO, ZnS, ZnS 
e, ZnTe, CdO, CdS, CdSe, CdTe, 
ZnCdO, ZnCdS, ZnCdSe, ZnCdT 
e, ZnOS, ZnOSe, ZnOTe, ZnSSe, 
ZnSTe, ZnSeTe, CdOS, CdOSe, C 
dOTe, CdSSe, CdSTe, CdSeTe, Z 
nCdOS, ZnCdOSe, ZnCdOTe, ZnC 
dSSe, ZnCdSTe, ZnCdSeTe, ZnO 
SSe, ZnOSTe, ZnOSeTe, ZnSSeT 
e, CdOSSe, CdOSTe, CdOSeTe, C 
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d s s e t e Tfe 6 h<nxfo% *m»m<oj&r&jjfeo 

MO C V D (M etalorganic Chemic 
al Vapor Deposition), MBE 
(M olecular Beam Epitaxy), 
CBE (Chemical Beam Epitax 
y),HVPE(Halide Vapor Phas 
e Epitaxy), GSMBE (Gas-sour 
10 ce Molecular Beam Epitax 
y) , MOMBE (Me talorganic MB 
E),LPE (Liquid PhaseEpitax 
y),CVD (Chemical Vapor Dep 

0 s i t i o n) , y is?iztzten&mmiiz& 

s i clilfcHA l 2 o 3 Sfi^)Sffil:HM!i ^ a 

(Ga) , MM^vU#y *A (TMG) , hyxf-;u 
^/y^A (TEG) , SffcT/U^-^A (Al) , bV 
^f;U7/U^^A (TMA) , MJxf/i,7^^n^ 
20 A (TEA) , Fy^^l/7^T7> (TMA A 

1) , ^f;l/xf;u7^7 7y (DMEAA1) * 

/ciihHyyf/w^^.A (tibai) m 

ig^v^/K TZ<^£~T (NH 3 ) , ^/^f/Vt K-7 
i?zs (MMHy) *fcttS^?vH: K7^> (DMH 
y) tSrft^Lt, /<777-ittTOGaNl > A 

1 NJl^fcfiA 1 G a NiSr^tSll^fy/ 

ffimm \<r>*=ry -f tc&V ^XMf& £ titc.mm'< y 7 r — 
I/b5G a Ni, A 1 Njf £7cteA 1 G a Nil CDS® 
30 kl, ^Kt^^iftitLTGaNl, AlNftfc 

f*»U ^> (Si) , i/y^ (SiHj , v^v-^V 

(S i 2 H 6 ) . (CH 3 S i H 3 ) , ^ 

;*fvl->9> ( (CH 3 ) 2 S iH 2 ) , 9vV->9 
V ( (C 2 H 5 ) 2 S i H 2 ) , h y ^/Uv'^V' 

( (CH 3 ) 3 S i H) , h y 3:^2/9^ ( (C 2 H 
s ) 3 Si H) , T" hy^f/U^/^y (TMS i ) 
ttr^xfy^y (TES i) ^iotft^t^S 

40 Bljis^2(7)^^^^ p (cjov^TS^^lBs i *s«l&*ixfcWlE 

^^77-ifc5GaNS, A 1 NftfcfiA 1 G a N 

i^ii^a^y^^ (Ga) , hy^f^y^A 

(TMG) , by^i^vl^y^A (TEG) , H^T/l- 
^~£A (Al) , W;Kx«)A (TM 

A) , hyxf;U7/W^r)A (TEA) , h V J *J-)V 
T * ZsT "7 is (TMA A 1 ) , ^f/Vxf ;V7^7 

9> (dmeaai) *fcfi h y-< y^f;i/7;^;xr> 

A (TIBAI) K9R7^/K T>^e~T (NH 
3 ) s ^r/J^Sl-K K7^V (MMHy) ifcliv^^^" 
50 ;UtK7^ (DMHy) t Srtt^ LT, HtTlB^^S 
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^LTGaNi, AINitfcliAlGaNiSrlnm 

4] (MOCVD :Me 

talorganic Chemical Vapor 
Deposition) 3£Bi-<fc 9 S i Cg«_b*fc 
ttA 1 2 0 3 Sfill^G a N»£fcf±A 1 G a Nf^I 
rifci- £ ^Sr^S (DMf&jjfe \Z *S ^ T . 
S i CSfiSfcliA 1 2 0 3 S«<E>3lffifc h LI ^ 3vu# 

(TMG) *fcf*h y^A-tfy (TEG) 
t7y^7 (NH 3 ) tSr^LT, /<y77-lt 

(tmg) h y ^/u#y r>A (TEG) t 

hMW;V^?A (TMA) Sfcfcfch yin^vUT 
,l^^r>A (TEA) ^TV^e^T (NH 3 ) ££tfc*S 
UT, /<y7r-ii LTCO A 1 G a Nil £ fig/Si" 53? 
1 (DTsT-y-Jb, 

5Ga NittliA 1 G a Njf O^ffil^ G a N/l^fc 
liA 1 G a Ni^On IffiWStfc^S i >y 
1/ (s i H 4 ) , ^>7V (S i 2 H 6 ) ^tzXirr Yy 
^^jVi/yls (TESi) tCjzoT 1 U-r-^— «T 

S^JfS^2^7)^^^^^C*DU^TB^JfBi/^^ (S i H 4 ) , 
^>7V (Si 2 H B ) *fcM^r h9^ j 7vl'>'9>' (T 
ES i) ^flt*&$ixfcffirl5^y7r— «^:SG a NS* 
f:(iA 1 G a Nl^IC, h U ^f/U^U !?A (TM 

g) Sfcf* h y ^^/w^fy (teg) try^r 

(NH 3 ) GaNl^lnmWOfJ 

t'Mt^75\ sfct*, hy^f/^y«?A (tmg) 

Sfcf* h y J^/iotfy "J? A (TEG) iH)^f-/ur;i/ 

^-r>A (tma) ^/cd b y xf/ur^^')^ (t 

EA) ^TV^r-T (NH 3 ) b~C\ A 1 G a 

Nil:ln m&>±<nmt$X*M!&'tZ>m 3 COX^ y?b £ 

[0 0 0 1 ] 

nciftc, gijx.fi, GaN m<ttfv?j*) tet^mm*? 
mm* if co^ tr * * y * /h&wm tiztfL-t zmzm^ 

[0 0 0 2] 

M&&mz%>vz>&ytm*tfnb lt, i i i-vuut 

M^Tfc^G a Nj&S&B ^ttT^oD, GaNSUS 
«Sr*t»i UfcffeJS*^ t- K (LED) 

[0 0 0 3] ftte. GaNifgtLTIl G a N(Dfy 
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fc5>1\ I nGaN^iW»tt^t(7) 

[0 0 0 4] ;HfcGaN*»R«:lt»i:Lfc»feL 
ED^»*^3!l*S:l6]±S*fc9, G a N^*flg£m* 

h J: o T4 C 5 HiSiRteo «fc 9 fc*S<fc*> 5 v Mitt 

io [0005] tr^-c, g«<t LTj£<{£ffl£*L5-^:7 
T^T (AhOa) ±^M^tl/cGaN»li^lt 

2 o 3 ±\ci&f&&tinmik£tixh^{&L<oi i i -vsi 

(G a A s . InPW) »R^*5it 5>C(fefl6« 

[0 0 0 6] I 5 *G a N^»Jg^RS««OS $ 
14. StGaN*iKi:ifitt» (Al 2 Oa) 

t LX(DG a N3RS»Ki*^»^"rSG a NSS^^ft 
20 LftV>mtt(-*3V^Tf4> G a N*3»iK<0^:HS?B«(7>i«$ 

[0 0 0 7] t^3fe. G a N*HI<0^lte**^i« $ 

-tztztbia^ nmn^m^\^^m 1 i^^tx 

9tC N *«tt»fc Lt, «itf, S i CiSO-lt*$) 
<56H-SiC (0001) S4R«rfflV\ 6H-S i C 

(0 0 0 1) SfiiCA 1 N^gt (#'JxJ2\ 1 0 n 

mJ^±) SrJgjfcU :«)AlN*(t±WaN»iBI 

(«U^Ltf. 5 M m) SrffM-TSJ;9fCLTVN 

fc. 

30 [0 0 0 8] EP^, Al N*R{4, S i CS^g^ <7>t&^- 

*m&m&i%xhz>bbi>^ g ammb<Dfe^-^m 

&&2. 5%T**>t), C5UAlN»I4:SiCSfi 
tGa N^iRt^ix77-lt LTfflWc^O-rfe 
ofc 0 

[0 0 0 9] _hl5LfcEl 1 fc*ii*«#|i6fc:*5^-t\ i5 
^10 nmKJUbOA 1 N^J5I±tC 1 . 5 n mOiP^COG 

-cw:, i o 9 cm- 2 *-?-<DmiLmmmhfotz 

40 Wc 0 

[0010] r 5 Lfc3iaf-«*T, *iS^*5V^tt. 
gij^tf, H2(C^-rj: 54ELO (Epitaxial 
La tera 1 Overgrowth) 

mtmmtstix^Zo 

[0 0 1 1 ] r.OELOffilC^V^T(4, Si\ StS2 0 
0il^s/77-i2 0 2^ltG a N(7)^ H s H ^?r 
tToT, Sf^G a NO^fiia ^ 1 OG a Nf 2 
0 4«U * Ofi-, 1 1 ^G a NI 2 0 4±l^ 
^O-^^^/n'^-^T^^^ 2 0 6(7>7£j&£fT9 (0 2 
50 (a) #fi8) 0 
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[0012] tLt > mtZ-?*? 2 0 6tfBf&£tltzm 

1 <£>G a NJf 2 0 4±(C. $ e>»C, G a N(0*g B B BJ*S?: 
ff ot|2©G a NI 2 0 8 SMtSw tfCi <K SI 
2(OGaN!2 0 8 ■$ , <ORi§$5{£03$S{£&ffi3r{£jgc L J: 

? t-r 5*><o-c-fcs (12 (b) mm) . 

[0013] _h|E Lf;ELOit(Cj;5i> fSl COG a N 
m 2 0 4tftC*JVNT(i 1 0 9 ~1 0' 0 cm" 2 ^ 

2 0 6(C<fcoratPtl-TV^ I ei^ 1 COG a NJ1 2 04± 
A*bf$.%1-ZG a NCO^bb(4> v^? 2 0 6 _h£#t;fe-ft 

(H2 (b) ^BPirifii) K:fi8ft-r-5J:$tefc50>-e, $ 
2COG a N^2 0 8^coKiite&COte^Sttl 0' c 
m" 2 £ ii 5t co T-foo fc„ 

[0 0 14] LA>L#ast>, ±iELfcE LOfetC^T 
{4. 1 1©G a N12 0 4 iilej^cO-r;*.;?^ — yf 
■?^^ 2 0 6?rMtM.Si5fc5^ (12 (a) # 
SO , "7^.^ 2 0 6^ffMi-5fc*tCI±i S /^Vi// I Ct' 

coa^coftuxe^^gt $jx5<o-e, 

T, iiHBftfccotefts tv^RaJB^fcofc. 

[0 0 15] £?>{^ E LO&{C*3V^TI±, 
6 »Cj:oT«^|6]^*bfcG a NCO^ H B sPl±^S;-e-r 
Z>m.R%ft (12 (b) KSSttSjfitfMKM (C*3V^-CI4 
^2C0GaNg2 0 8^ldm>ltefiti4 s ^U, 
SB^Sr&tf^WG a NJ12 0 8£. 0!l;tf4\ MLE 
D <t 5 ftx'M * * fJeteffl Lft^i b (c-TS t , 
-f ^ftifKLftffl-rsr. t^-Ct 5Ga N^SfBIco^igc^ 

[0016] 

5 s miH A»c«*r ft $ ixfc t> co x* 

«±*^»cg a Nt£i?<DBm j $>mm<z>*mfcm&j&!8.-t 

SStefctei^-c, flWtfclSSr&g*-*- 5 i ft Lie, 

ig^^ h£<6«-T5r tco-C#5^*Jico^^j*Sr 
« fit L 4 o £ -T 5 fc co T- fe 5 . 
[0017] 

II»HSr«f»-r5fc«)0#»] .LIES W 5 fc* 

[0 0 1 8] t£oT, CO p HCfElgcO^ 

Wteiiitf, ^«fls:®cpco«jt^R6SrPU»J-r5«Jt^RB 

ii*Etfc#$8£ LTV>5ttB»-K*ft ift^J; ? tcft d % 
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[0 0 19] *^B^cO9*>«*Jl2|C|e«tC0^B^ 
[0 0 2 0] ftoT, #*W<0 9^»#JS2l::|B*©3B 

LTv^5fig^«fti- , i-^4 9»-fto, *m&m*<D 

[0 0 2 1 ] *&W<D 0 t>»#*3 KflB*W)361H 

[0 0 2 21 'tfot, #3§BJ1<D 5 ^ff#Jg 3 IClEttOSg 

fc&Amtt LTV^{iSt-S5*ft t'-T S <t 5 left 19 , ^ 

30 [0 0 2 3] it if$m<0 0 *>if*3S4 {r|E«c<7>^B^ 
ft, ^^JlS:^i-S^^co^*&tc*5^-C, 

consul, jgfiK-r^^^frs^cosiii^pfesrai^j-rs 

±fe^2c0^^^7°(e*3V^T±f5^i-'<#^#: 

40 IKffSrl nm8l±it5i9CLfcfc©ffe5„ 

[0 0 2 4] t^oT, *^^C0 5 ^W*^4 <CfE«g<D|S 
m\z ±iX(4, ^ 1 co^x y 7°(C*3V^TS«±I^ y7 7 
— Ji**»^*iX, ^ 2 CO*^ ^ICtJVNT^ s/ 7 r —M 

coSffild, ^-r^t^^BI'co^liit^lifeSrWJi-S 

mm\^. mwt^mwm&i nm«±co^j?T-^$tts 

COT% *«±«^J* ^ 5'77-i I t , CioV ^T^ig 
50 /<y77 -» ©^ffitC^COa^^tLfcflljt^PlBfllftlJ 
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l 0 0 2 5 J * fc, #3gBJ© 5 5 fcEil<0«W 

y^t±SI 5 (O^t^ -y fh Z±.mWi 3 OX^yfAW 
T Lfc«U: 1 \B\SX±ft0 4 9 I- Lfcfc©-efc5. 

[0 0 2 6] £§oT, *>W*« 5 KSEifeWlS 

fid 44x1*, ^3W^v i i/-7 P »Cj3V^-r^$tt/t^{*: 

Jl f ©*ftjt*lfe SrWiiW-*- S«JS^(fe«i* l«St**0f)fe©* 
©*^y:/i±f£^5©^;y^<k;^3CD*^;y:7''£ 20 

[0 0 2 7] rr-C, #3§fl©5^ft*Jl6tCfEi|£©3§ 
fcl4±IE^4W^7 i s/7 p cov^-fti7)^c*oV^T. 4^<£< £ 

ti/-f-3t> S-^&iL -f^vtr— 

[0 0 2 8] **W<0 5^»**7fcC*©*W 

£fc»4_hfEgi4 co^-r vzf<D\,^irinfr\£&^x . Mfc-f 

-So 40 

W»-J:*ttf» i»*JS4. S**3?[5*fcf4«**6©v^-f 
tb^l3StC|E*W^WJC*3V>T, irt>±IE^2(D 
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[0 0 3 0] *fc, *)»*JS8»3|e«c<0^|q 
lroxfyyiaot ff^fig $ tLfc ±|E^< 7 r — e 

5S2^fy/iM U ±tem2<D^.X5'7 p (C*3lt 

[0 0 3 1 ] t£o-C\ **WW5^M#*8l;:te*©38 
r — Jf asffM£4x, ^2co^.7 1 2/7 ,, lc*3V^T^s/7r — 

^Pfe»$ij<fei«o^^^-v>^-r $.>?x*mT£*i, mm 

f*»j£*(fe, **d, Jta<Efit«)««Sr^«K:e«i-S r 
[0 0 3 2] *^B^0 9*>fS*^9»-IE«£(D^PJ 

±IS3cD^^s'7°§r±|S^2cox7 i y7 B ^**-TL 

[0 0 3 3] ftot, 9 »!liait©» 

W(i4ixl4, ^2©^.7 i s/7 p tc*5VN-C^^nfcJ:l5^ 

m&mv>mmz., ^3cD^x^7 c ic*jv^T^-t-^#^ 
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Xd*»T L/^(C>/£< t h 1 \EU*?ffrtlZ><DX\ *m 

[0 0 3 4] *55ifl*>5feW*Si otcss^o 

KE*fco389!fc::fc5i^-T\ t h±MW,2(D^y7 

[0 0 3 5] 5 fejf jfcjj 1 1 {CfeffiO^ 

l*fcE«*>*Wfc:*5V*-c, t t>_hf£|g2GD;*x 

y^%tz tt±E^ 3 (D^s^r y -fen V ^-ftt^C *5 ^ T , 7g 

«J»*l*»llll«ll«rWfto«M^aJ:5teLfctOT 
fe^o 20 

[0 0 3 6] t£oT, #»W<D5feW#igl ltcE*fc<£> 
389ifc:<fcixfi. ii*3S8, W#*9*fcttW#*i oo 
v^ft*»iWcE«<o»W^*jv^r, '>ft<£fc±ES6 
2 co^x y 7 * fcf±_LEa& 3 <z>;*^ y Xtf^T *L>WC*3 

[0 0 3 7] * fc, *3891<E> 5 feW l 2 (CfBgcCO^ 
^{££5^ W**4, W#*5, W*«6. fS*« 
7. !S#Jg8. !S*qi9, W**i 0ifcttW*Si l 

flS'>!J a^lS (6H-S i CSS, 4H - S i CS 

«) , BHbf!) =*^kisV =*>kcoffim&& (S i c/ 
s i«) . vy=>s« (s iffii) . t7r^TS 

K (Al 2 O a SIR) , »M«&if7 7^7t(Oai 

(ZnO/Al 2 0 3 S«) s ^/W-^ASfi 40 
(GeSfi) , tft^y^^SS (GaAslfi) , t 

it^o^^j^&m (in as mm) . jy^y^^s 

«(Ga P£«) . U Wb-TV^^^Sffi (In PS 
K) 4fcli^tr^U*« (M g A 1 2 0 4 , LiGaO 

JH*K*5ltS I -Ai(DH (tK5R) . I I-AROBe 

(^yy^) . M g (T^^frio x i i i-BK 

<£>A1 (7Vl^~*^) , Ga UfV>J*) , In M 

, IV-BKOC (K*) , Si <$of 
*) , Ge (>zVl^~?iO % Sn (*X) , V-B^ 50 
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% P (y» . As (t*) , Sb (7Vu 
^V) . Sfc|JVI-BK©0 (IfeX) . S (fig 
ft) , S e (irl/V) . Te (f/WV) tt5:<l:^t 

K) , Si (v"!J=i>) % Ge (^/l^^A) , S i 
C, SiGe, S i CG e "C&5a\ I I I - Vj£~5t; 
^($tfc5BN, Al N> G a N. InN, BP. 
A 1 P, G a P, InP, B A s , A 1 A s , G a A 
s. InAstW, I I I -vmE.K&i&£h¥m& 
X*fc>%> B A IN, BGaN, BInN, AlGaN, A 
1 InN. GalnN. BA1P, BGaP, Bin 
P. AlGaP, Al InP x Ga InP, B A 1 A 
s. BGaAs. BInAs, A 1 G a A s x Al In 
As, GalnAs, BNP N BNAs, BPAs, A 
1NP, A 1 N A s , AlPAs, GaNP, GaNA 
s.GaPAs, InNP, InNAs. I n P A s 
fc*^\ I I I -V&fflTG^S^ffcT'ifcSBA 1 G 
a N\ B A 1 InN, BGalnN, AlGalnN, 
BAlGaP, BA1 InP x BGalnP. A 1 G a 
InP % BAlGaAs. B A 1 InAs, BGaln 
As, AlGalnAs. BA1NP, BGaNP, B 
InNP, A 1 Ga NP, Al InNP, GalnN 
P. BAlNAs, BGaNAs, BInNAs, Al 
GaNAs. Al InNAs, Gain NA s s B A 1 
PAs s BGaPAs, BInPAs, AlGaPA 
s. Al InPAs. GalnPAs. BNPAs, A 
INPAs, GaNPAs, InNPAst'$)5K * 
fctt I I - V I m^ftX3bZ>Z nO. ZnS. ZnS 
e. ZnTe, CdO, CdS, CdSe. CdTe, 
ZnCdO, ZnCdS, ZnCdSe, ZnCdT 

ZnOS, ZnOSe, ZnOTe, ZnSSe. 
ZnSTe, ZnSeTe, CdOS N CdOSe, C 
dOTe, CdSSe. CdSTe, CdSeTe, Z 
nCdOS, ZnCdOSe, ZnCdOTe. ZnC 
dSSe. ZnCdSTe, ZnCdSeTe. ZnO 
SSe, ZnOSTe. ZnOSeTe, ZnSSeT 
e N CdOSSe, CdOSTe, CdOSeTe. C 
d S S e T e tt5Ci:^5. 

[0 0 3 8] ifc, ^mmcD o fefS^Jl 1 3 \Z.mffi<D¥& 
Wtt, S«±(c/^ 7 7 7 -I L t t 
Z^»m<OJ&l$Lljmz&^X % MOCVD (Me t a 
lorganic Chemical Vapor D 
epos i t ion) , MBE (M o 1 e c u 1 a r 
Beam Epitaxy). CBE (Chemi ca 
1 Beam Epitaxy) .HVPE (Hal i 
de Vapor Phase Epitaxy) , G 
SMBE (Gas — source Molecular 
Beam Epitaxy), MOMB E (M e t a 
lorganic MBE). LPE (Liquid 
Phase Epitaxy), CVD (Chemi c 
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a 1 Vapor Deposi tion) „ y 
y v^4fcl*Xffi«»«fc*:/flv\ S i CMRSfcttA 1 

z OsSs^iBcaMy^ (Ga) , h^f/u 

(TMG) , h!Jxf;U^!Jr)i, (TEG) % 
O^T/U^^^-^ (Al) , hy^^/UT/V^^^A 

(TMA) , hyxf;U7;V^^A (TEA) , hV 
>f/U7^77> (TMAA1) s -J^^JV^.^}VT 

;yr?y (dmeaai) h y >< y^^-yur/u 

(TIBA1) Ii7^/K rv^e^r 
(NH3) , ^Jt^jVM K7^ (MMHy) *^fi 10 
^fA'tK?^ (DMHy) <h^ft|&tr, 

LTOG a Ni, A 1 Nit^/cliA IGaNi 
*Mt5Il^fy/t, ±12^ 1 (DX^yzflcts 
^T»**ftfc±E^y 77-ifc5G a NI, A 1 N 
JlSfcttA 1 G a NJB^*ffi«C % *«-T-<#*WflcJBfc 
LTG a Nl, A i NJlifcteA 1 G a Nl^ <D#|Jg^ 
R&«l*l»KT**>5 S i Bft^y (Si) , >7 

y (SiHj , (S i 2 H 6 ) . 

> (CH.3 S i H 3 ) , ^f^V ( (CH 3 ) 2 

S i H 2 ) , i/xf^v/y^ ( (C 2 H 5 ) 2 S i 20 
H 2 ) , h y **f-jW7 S ( (CH 3 ) 3 S i H) , h 
y if/l/v/^y ( (C 2 H 5 ) 3 SiH) , Th7^f 
/^>7> (TMSi) ^fclirh7X^;Ui/7y (TE 

S i) (cJ:oTMt^i2^^T7 7 p i:, ±.mm2<D 

mtiZG a NI, A 1 NBSfcteA 1 G a Ni^ffiC 

@fle#y*^ ( Ga ) , fy^f/u^y (TM 
g) s hyxf/^y (teg) , mfcT^^ — *} 
A (Al) , hy^f;v7;v^x^A (TMA) , by 
xf;l/7^^x^A (TEA) , hy^f^7^y77 30 
V (TMAA1) , ^f;Uxf/U7^77> (DM 
E A A 1 ) h y >T Vf^JVT/V^—VJ* (TIB 

ai) Ty^^r (nh 3 ) , 

^^/ut: K7^y (MMHy) SfcttS^'fvl'fc K9i^ 

> (DMHy) t^UT, ±!5^ItLtGa 
Ni, A 1 Nl* fcfiA 1 G a Nf^r 1 nm&llOf ^ 

[0 0 3 9] Sot, *»W(0 5*>f»*«l 3(CfB«(D 

(M etalorganic Chemical Va 
por Depos i t ion) , MBE (M o 1 e c 
ular Beam Epitaxy), CBE (Ch 
emical Beam Epitaxy), HVPE 

(Halide Vapor Phase Epita 
xy) , GSMBE (Gas — source Mole 
cular Beam Epitaxy) , MOMB E 

(M etalorganic MBE) , LPE (Li 
quid Phase Epitaxy), CVD (C 50 
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hemical Vapor Depositio 

n) % *s<*y? v >>y&tn*n&mmi£&m\<\ wh<d 

iCSfi*fcliAl 2 O3 StSOS 

ffi^aff^y^A (Ga) , hy^f/u^y >>a (tm 

G) % hyxf/Uj/yr>i, (TEG) , @{£ta^ — $ 
A (Al) , hy^^7/V^x-)A (TMA) , hV 
^)VT J* (TEA) , hy^f/W7^T7 

>- (TMAA1) % ^f;l/xf/l,7^77> (DM 
E A A 1 ) *fcfl h y-f yy^JUT/U^-VJ* (T I B 
Al) i*7^^ r^^7 (NH, ) , 

>^tK7v?> (MMHy) ^/ctev^ ^vl'fc: K?i^ 

V (DMHy) k<nmi${Z£oXs<y7T— J§k LT<7> 
GaNi, AlNiJfcliAlGaNl^M^tl, 91 
2 0*x:y^:jQ^T'<:y Jffc3G a Njf, Al 
N»*fcttA 1 G a Nl^iSt:, MWKi-^#M*SW*:Ji 
i: LTG a NI, A 1 NiStliA 1 G a N»^<£HJ*5g 
>:f6»»Mf&5Si ^@fr>y 3 y (Si) , >^ 

V (S i H 4 ) s (S i 2 H 6 ) , ^f;^7 

V (CH 3 S i H 3 ) , ( (CH 3 ) 2 
S i H 2 ) , i/xf/UV7V ( (C 2 H 5 ) 2 Si 

H 2 ) , h y^f/^7^ ( (C H 3 ) s S i H) , h 

y^/u^yi/ ( (c 2 H 5 ) 3 SiH) , "rYy^^ 

jVi/y^> (TM S i) %tz.\%"T h?xf/U5/7V (TE 
S i) IC<fcoT#y&£*u S3^fyyic*i^tS i 
^J&S4x^±E^^7r—JBfc6G a Nl, A1N1 
ifcfiAlGaNS^B:l*#!)!>A (G a ) , h 

y^^vwfy** (tmg) , byxf/^yr^i, (t 

EG) , gj^T/U^^^A (Al) , hy^W^^ 

(TMA) , h y ^=f-)VT 2* (TE 

A) , hy^f/U7^77> (TMAA1) N v?^ ^ 
)Vzr.^)VT ^77> (DMEAAI) ^fcfihy-f V 
^;vr;i/^x^A (TIBA1) 

7^x7 (N H 3 ) , ^/^f/Wt K^v^V (MMH 
y) ttli^f/WtK^^^ (DMHy) ^COtklSlC 
«toT*9»ltltGaNl, A 1 Nf* fcttA 1 G 
a Nf^ 1 n m^±(Df $ T'MJ tl^ , S 

i ttG a NJ1 , A I NBJfcttA 1 G a Nf^BI^^ 
5&L, rttt-J: "9 G a Nf, A 1 NJS*fcttA 1 G a N 

LTG a Njf , A 1 NfSfcttA 1 G a Njf ^J&^jx 
^rt^^t), **#lfc5GaNl, AlNMtitite 
A 1 G a N»*<D«Jft^rfe^(6*ft. Silfete 

[0 0 4 0] 3 fete, «Jft^»&«l»l«Ki: LT«»&*tL 
6Silt G a Nl, A 1 NJl^fcteA 1 G a Ng— CO 
nS^W^ LT^^T^S&JgTfcStDT, 
nl^iftli LTG a Njf, A 1 NJi*fc«A 1 G a 

#60 
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[0 0 4 1] *KW<n5%ffi#:mi 4(cK«tf>* 

Wit. ^m^it^Mm (MOCVD : Me t a 1 o r 
ganic Chemical Vapor Depo 
s i t i o n) 3£ttK<fc «9 S i CSSiitliA 1 2 O 
a Sg±f-G a NJl£*:teA 1 G a NJI£7FM;ir 5^* 
flcJi^fiK*ffil-*5V>T, S iCgffi*fcf*Al 2 0 3 

StE^stchy^^y^y »>a (tmg) a-fciahy 

^/Istf!) $ J* (TEG) ^7^7 (NH 3 ) t £r 
MIT, /< y 7 7 -1 ^ LT(7)G a Nl*Mt5 

fi\ ^fcfi, h y ^/i^y (tmg) ^fc(^hy 
^^-/istrv <yj± (teg) ^y^w/K^^A 

(TMA) ^7tfi h U (TEA) <!r 

T^-^-T (NH 3 ) i^«LT, /<y7r- Jf£L 
T©AlGaNltMt5»l^fy^t, |g 1 CD 
^ y V ^ T Mf& Ztitz ±M'< y77-Sfc5Ga 
NSifcfiA 1 G a Nl^gi;, G a NlSfcttA 1 
G a Ni^(7) n ^. S i >7 ^ (S 

iHj , (S i 2 H 6 ) Stite'r Y=7^)V 

(TESi) laotR/Kt-I^TMt 

(SiH, ) , S^>7>' (S i 2 H fi ) £/ct3:^ 
Y^^jV^yyls (TES i) ttfc±l5^ y 7 

7-ifc5G a NfitliA 1 G a NlO$ffi^ % hV 

fT/istf}) (tmg) ifcfi h y ^fvu#y 

(TEG) £T>-^e~T (NH 3 ) tS:*l&Lt, Ga 
NJSSr 1 nmJK±0«S-C^i-5^ *fcfi; hy^ 

?vu#y*A (tmg) £fc#h y^/wtf y (t 

EG) H^W/U^^A (TMA) ^fcfihy 
x^uT;V^-^i, (TEA) t7^^7 (NH 3 ) 
£*rtt«&LT. AlGaNBSrlnmKlOfStfJ 

[0 0 4 2] t£oT, *38^HII*S1 4^fS«C0 
S&flfc«fc*Ltf. (MOCVD :Me t 

alorganic Chemical Vapor 
Deposition) 3£Btel,fc «9 S i Cgffiii^fcte 
A 1 2 Oa £ffi±KG a Ng^fcteA 1 G a NSSrJKj* 

v^T S i CS«*fcf*A I2O3 S4Rco*S^ h y ^ ^ 
/u^/y^^ (tmg) ifctthyxf;i/#yi?iH (te 

G) tT^^^T (NH S ) i*S«j|ft*iX, /<y77- 

y (tmg) *fctthy^/^y^A (teg) 

HJJ^W/U^^A (TMA) 4 fell h y 31^/1^ 
T;ls^-r}J± (TEA) ^7y^7 (NH 3 ) 

^777-itLt^AlGaNf«J 
tt, ^2C0^^^/7 P fC^^T, ^^77-lfc5GaN 
g^fcfSA 1 G a Njf OigStC, G a Ng^fcfiA 1 G 
aNi^nMWffcSS i ^7V (Si 
H 4 ) , SH^V (Si 2 He) ifcft-x h5if^ 
(TESi) iaotl^/Wt-WT«^ 
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»3^*xy:7 p lC:fe5^'tv'7>' (S i H 4 ) > v^> 
TV (S i 2 He) F^f^v/^y (TES 

i) d«#We*Jxfc±E/<y7r— ifc^G a Nfitfj: 
AlGaNWSlC, fy^f-Z^^A (TMG) 
ifctthyxf^#!i!>A (TEG) ^TV^-T (N 
H 3 ) £dSffc*g£*U GaNi^lnma±Of$t^ 

*fc«, hy/f/^y^A (tmg) sfcw: 

h y^^vi/tf y *a (teg) ir h V t^^Tfr^ 
A (TMA) 4fcte h y xf;U7;i/^9A (TEA) 

10 i:7^7 (NH 3 ) t^^^tt, AlGaNJBa* 
1 nmJKiCOffST^fiK^ttSfc^-efet). ^> (S 
i H 4 ) , >^>7> (S i 2 He ) %tL\trr Yy^^jV 
i/7> (TES i ) ^(DS i teG a Nil^fcfiA 1 G a 
Njf(Z>3*HM®*U miCi^ GaNl^fcliAl 
G a Ni^S^gf i/^t^S^tL % *<D&\Z*m 
fcmt ItG a NM&tcteA 1 G a Nl^MJtll)^ 

20 [0043] «3i^tt»»J»Ki: br««&*ix 

SSilt GaNi$f:liAlGaNi^nS» 
ITG a Nil £/cl3:A 1 G a NS Sr»J«i-6RJfc*SV >T 

[0 0 4 4] 

30 [0045] B3fcfi, *&m\z£%¥mftm<oj&f&jj 
m<omi<omm(oMm^xox, sic «fc^y^ 

>-) ltfe§6H-S i C (0 0 0 1) gfeLh 

l^iftltLTG a Nfg^MtSW^I^J^ 
ffioTSaWl^SfttfcO, S3 (a) t^1-i£«ia> 

bUBUc. @3 (b) tc^-rtKfig, I2 3 (c) t^-r^lfi 
£rST. El 3 (d) ^■r«ffitc»ff't-5t^>"C*>So 

[0046] r. rr\ ^(om^<omm\c^^x^ m3 
(d) K«+»in»*fc»rti-«K«4, «3to*E (7 

6Torr) L/cW^JRfc^S* (MOCVD: Me 
40 talorganic Chemical Vapor 
De p o s i t ion) ^BSrffl^S w t £^5/4^ 

[0 0 4 7] £fc, HI4 (a) 7!»S|g|4 (d) tC(i % M 

OCVDj££ffl^-CH3 (d) i::*r»Bt«38f4rfl?riti- 

%*&&m<D]&i&j3mc>miv>nn<DMmz.£ ^ te 

Si («Jfii"S) tf«Mitt©GaN»g^M 

50 -rs^^t^p^^tts^^ 5>-^^*-riftKiii/S5^$ 
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[0 04 81 £<blC H6«Ctt % SiSMW^Saft (T 

em) tcj:^, m4i£^&m0kmz£VMjjz&titim 

3 (d) lc*i-»««iS<oKffi^«^W««|«3fts^$ 

«B»c±oia3 (d) tC7j^i-SMI«agSr^-rsK<o«LS 
<Z>«BS:BlWi-Si:, SSt IT(D6H-S i C 

(0 00 1) g«10±lC v 

(g{kT/l^~*A) «^12SrMt5 (B3 (a) 
#J£) o 

[0 0 5 0] ^<£>t£ N SRA 1 N*«l 2±K, 

LTG a N^y77-i 1 4 SrMU -tit** 
b-OG a Ns<^7 r—m 1 4 (O^® 14a CnS^I* 
WtUrh7if^>7^ (TESi) SrflM&i" 
5 (S3 (b) #fiS) o 

[0 0 5 1] ^rtt^b, TES i t*|&Lfcft(OG a N 
/<777-|14lC, hy^^/u^fy^A (TMG) 

ssxvt^-t (nh 3 ) »it, *m»mti, 

TGaNil 8S:Mt5o 

s i (omsmc h y ^/i^y (tmg) *5«fctfT 
>^E-~T (NH 3 ) SrMLt, GaN©feMftia 
ottlftii UM^WGa NS 1 S(DXm% 

[0 0 5 3] J^T, ^SSMlciS^aiffJBo^^ffio 
SI 1 <omi&<7)Km^£ 9 0 3 (d) ^*"T»R«3tS:« 

[0054] *?\ 04 (a) \CTjkirf^m^m^x t>> 

6H-SiC (0001) g>Rl 0_h(C % '<y?7*~ JS 
fcSAlN»Kl2*«*U 04 (b) tC^ 

■ fcSGaN^s/77-I14S:Mt8 (HI 3 (a) 

mm) o 

[0 0 5 5] :©GaN^777-il4lt a 
N/<y77-l 1 4^TllcM$nSA 1 N»ll 2 
£Sl£G a N/^/77-l 1 4 <D±JBKJ&fSi ZtlZG a 
Nil 1 8 t<D?%\Z.<frfe1rZ>^y'7T— ifcSt^fc 

S«»^ (6H-S i C (0 0 0 1) ) fc<Z>*&^F 
l^CgHtt, GaN^777-|14Wl0 9 
-1 0 1 0 cm" 2 ^-^-Oteffi««"CJta«Effi*s« 
«$ttS (H5#ffi) o 

[0 0 5 6] -tLT, A 1 NKRl 2±^G a N/<>^^ 
7-I14WU: (0 3 (a) te*-*tftflO 

g a N^conm^mmmnt ^xm^btix^z&m-e 

fc^TESi^ H4 (c) (C^-T«ka^#^J:l9, * 
^f^ni (B5#I) t*GaN/^777-114^ 
tI14aCMf6 (0 3 (b) o 
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[0 0 5 7] ±teLfcJ: 9tCG a Ns<y7r — 

Jf 1 4 4 1 iCftKii^i?5^*LT^o'9. GaN^j/77 
-Jf 1 4 0M 1 4 a <DSttKffltete#«£LT^fite 

[0 0 5 8] ft*>, JilELTcJ; 5#G a N/<y77- S 
1 4^11 4 a <OSKRiiKfi:^«5feUTV^5tfl[R 

o 1 dtfo^^H^, ftf^tl^TE S i *^)S i tf* 
io mg,\zs&m (££#) L5S*#*r*fc5%^Lbtt6fc^ 
-C*>5. 

[0 0 5 9] 9 ft G a N^<^/^r— ® 1 4 

cD^ffil 4 a [CITE S i t>m&£tlZ>k. tti?S£*l/cT 
E S i ^OS i T^G a NAy77~i 1 4 <7)^B 14a 
OCtt^ttltRf Lt (0 3 (c) #RS) % G a N>^ 
777-11 4<D3?®1 4 a ^Jg^-U^UT^H^tb 
<5 0 

[00 6 0] I Hfc G a 7 7 -1 1 4 ^ffi 1 

4 aOOJl®T'U'^U-CCOSfe®fi, TESi <£c7)S i CgB 
20 i-&t><£>-Cfc*K TESittGaN^y77-114© 

*ffi 1 4 a ^^/K'Sft5: ^laot, Ga 
N/<y77-I 1 4 OSB 14a (C^^fi^ixSG a Nf 

[0 0 6 1] fc:fc\ *0J»#(-io^r(i. _hfSLfcTE 

5 i <D <fc 5 ^^T E S i ttS4bM^>XS 

wm commute 4& jcji k & ft 5 Hitter ta t* ^ 
30 yowz, mmxf&nmmm\ twtz> 0 

[00 6 2]fU, ^-f^vni (E3 5#iH) 
Er^Wfitl t 1 « (0 5#RS) 0^>f;y^T2 (0 5# 
08) d&^T, GaN^y77-il4©iBl4a^ 
60TES i <Df&&&mT-rZ>£khl^ 0 4 (d) fc* 

i-*0fa*m-J:o, hy^f^y-?^ (tmg) *5«fc 

tfTV^-T (NH 3 ) <B0M£SrH)*&LT. GaN/<;/ 
77-Il4±(CTES i <Dm£<D%±m&ftr>tc$f-m 

me mm) HitGaNii8«n (03 
(c) (d) mm) o 

40 [0 0 6 3] ^CDt£, ^^;>n2 (@5#|) fab 
BBfcHWW t 2 « (0 5#S) ^^^;^T3 (0 5# 

hq uusv^-c, hy^f^y (tmg) ioj;t;r 

V^-T (NH 3 ) ^M*»7U M^iXtGa 
Nil 18 4i (IJIlnm) lCf2 N fr-f T^Kl 1 0 6 cm 

- 2 *~y-<nfe&%mxnmmmmm£titi me 
mm) o 

[0 0 6 4] o^«9 N ^^77-lf:5GaN^777 
-114 ftC&^Tte. ( 1 0 9 ~ 1 0 1 0 cm 

50 t£*tLT, SttGaN^y77-il4±l:TESiO 
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8*K*5Vvctt\ Ri§teffi<7>**a**:4fl(£i6;« (io° 

cm" 2 ;*-y-cDitfc{ft&S) Ltl^tOTfcof: 
(8 6#I) o 

[0 0 6 5] ±taLfci9Jc. *»^J:S¥3Htti<D 

WmcZTES i Srtt^-r^i: PtCbfcOT*. TESi 
4»CDS i |d<tot^s/77-ifc5G a N/<y77-| 

1 4 0SB1 4 a ^W^u-^^-CttftSix-C, ^fW§ 
t^GaNHSWIg^i^M, Jtii 10 

[0066] *mwic£%¥mitm<nmi&%& 

i-*fc»KlB. «Jg^ffeffli*J««fc5TES i £r/5r7g:<£> 

v> 5 SfcTffiJiifci&SSrfT 5 fc(t~C<£ < , 
E L O it 5 * * WFMI-I^ L X <n ^ =f- > ^ft 

[o o 6 7] u-cewe^ns 20 

TES ifl G a N^nl^FttM^^ Ltffll^tl 
T^Z&mX~i>Z><DX\ ^*ftiiLtGaNil8S: 

[0 0 6 8] *«WI£«fc*¥*fM^?efi!i 

t^TES i OS i a N^y7r — JB 1 4 <£>Sl® 1 
4 a tC®*P U GaN/<y77 — JB 1 4 60^® 1 4 a £ 
1^ l/^;K*Sfc»LfcftlCG a N| 1 8 £ *L 5 0> 30 

T\ ELOj£(C^5V>T^$n^Siite{4^^U^V> 
»JMB» (HI 2 (b) o*3*tSjS*MB4» oi^W 
^GaNll 8f|:«:#ftLft^fcft, tVW 

oftZkittK. X*±*JfflL^-r^GaN#|RS:»S 

[0 0 6 9] HI 7 (a) (b) S:#fi8L*^&, 

[0 0 7 0] HI 7 (a) tCte, *3SWId«t5#«frJBO 40 

(b) MOCVDftS:ffl^tB7 (a) M^lTW 

mm&*ffi&i-zm<Dm&0kft&7F£thx\,^z> o 

[0 0 7 1 ] r-T\ *»Wt-±*#**»©?KfiJc*tt 

ojg 2 <omm<omm t ^m»m<oi»0L^m 

¥3WWB (GaNlH) SrlJB<0*^Lfc^(C*tL 
t (B3 (d) #E0 , **W^J:S^**JB©»riIir 50 
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[0 0 7 2] <£9f£»a;£, *8Wia^^*IcO?g 

*ifc6GaNil8cO$®II, S5)l:*i#ifc5G 
aN|20 Sr^S-fS t <£>-?fc5 0 

[0 0 7 3] fifoT, S^t LTCD6 H - S i C (0 0 

0 1) S«l 0±\C, s<*y7T-mt LTA 1 N (SYfc 

ill 2_blc v /<y7r-|i LtGa N'<^:7t — m 

14SrMLT^5) (03 (a) #08) , KDGaN^ 
y?T— M 1 4<D^ffil 4aCTES i Srft^LT (El 
3 (b) #flg) GaNil8S:^t54t (HI 3 

(c) (d) #HB) Otea*«=* (12 4 (a) ~ (d) 

^10||Jfi(0?gffi(Di!)f^(7>|ftPJtl^«T*S>50T% 
«:«/!! 1~ 5 r k <fc 0 WMBfcKW &mm-tZ>o 
[0 0 7 4] BP^, @4 ( a ) - ( d ) td^i-fcUS^M* 
^iDM^tl/cGaNH8 (HI 3 (d) #Rg) +i<7> 

<<£»*ixT*5!9, ^GaN|l8eMU: (HI 3 

(d) tC^-T^fig) GaN^nl^ftf^i 
LTfflV^^tltV^MT^^TE S i Sr. H17 (b- 
l) lo^t&i*fti;J:^>f^>^Ti (B5#i) 
T\ GaN|18 <Di&m^W&-tZ> 0 

[0 0 7 5] -t IT, (Hl5#fiS) ^5, 

Sf3e«p«l t if (H15#flBj co^>f ^ yn2 (H15# 

fig) t^V^T. GaN^777-il4^I14a^ 
<OTES i<D&fe&1feT-tZ>kkhl^ m7 (b-2) 
ic^"T«iS^#tcJ: 9. hy^/i^y^ (tmg) 

feiyr^^T (NH 3 ) COM^ntfett, GaN 

1 81CTES i W«^l^ffo/cM (HI 7 
(a) mm) Sr^LTGaNl20SrMtSo 

[0 0 7 6] ^CO J: LTM^tlfcG a Nf 2 0 * 
(BWlnm) fC^Tfe, G a Nil 1 8 *Jf 

Lfc±5*«3S^(ft»»J»«fc5TES i^fflicij; 

[0 0 7 7] o£*9, *38W(JiJ:S^*#»0«5fifc*j£ 
©»2©*lfi«>»ttfcJ:ixtf, »***tfc*8Kt:B (G 

a N/fi8) <Dmmz. ffimxf&wm'X (tesi) 

<o^mk h ]} * ^/^V VJ* (tmg) ^oiOTy^e^ 

r (nh 3 ) <Dmfek&m*)i&i'fto <t 9(at, ^ 

*I/c§G aNil8iGaNl2 0 Sr^Sffigi" 
[0 0 7 8] HI 8 (a) (b) Sr#HRbft*fe, 

[0 0 7 9] HI 8 (a-1) (a -2) *^P^(C1 
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fcmt LXG a Nill^Mt^ttl^^l^lC^ot 
«*WI-«*JXT*5 0, 118 (a-1) Id^-r^ffiT)^ 
08 (b-2) td^i-#tffitc»tT-r5 t>C0T*fc^> o 
[0 0 8 0] ft**, 13 8 (a-1) (CTFi-Jfcflgte, 0 3 
(b) Iw^-TttSiiC^-r 6 ^ COT'fc »9 , 18 (a- 
2) l^-rtAcfite, [13 (d) {C^^tC^i-^'b 

[008 1] 08 (b) tCfi, MOCVDfeirffl 

1^X0 8 (a -2) (C^i-«^it^^i-5fg(0^ 

[0 0 8 2] r^T\ «P^ia5^i«*S 

osg 3 (Dmmmm t *%,w t <t s ^wttw^Ma*** 

G a N^7^7 — ill 1 4(£>3l® HalCTESi (D^£r 
tfc»Lfctf>lcatL-C (12 3 (b) 4bW:H4 (c) # 

T^ffif*. GaN^y77-I14©Sffil4al:TES 

[oo8 3] xvmmia*. ^m\c^z>^mwm<r>m 

~7 7 — Ifc^G a ->I/<y77- S 1 4(DiS 14aC, 
T E S i 5 ^7\z£.Z>%(DW& 

[0 0 8 4] Sot, mfob LTO 6 H— S i C (0 0 

0 1) gjgl 0±(d, /<y77-!i UA 1 N (Sffc 

tvws^ca) sgneau SKA IN 

1 4t»rti-**-e (B3 (a) mm) <o&mm*m 
(14 (a) (b) mm) f±, iELtwwias* 

[0 0 8 5] Wh, HI 4 (a) (b) {ZTjk-ti&m&mz. 
J:'9M^tl/cGaN^>y7 7-114 (0 3 (a) # 

m) <7>mmc^ as (b) ic*i-«ia^{2:<t9^>r ^ 

(I5#I) tTESi^MtS (08 (a 

- 1 ) mm) o 

[0 0 8 6] ^<D$?^ GaN^777"Il4C0SH 
4 a tcte, TE S i <D#tjf&i: i: fc^7K«7^^0. 1 
p J/cm 2 ^ST*igjBKRatt$ttSt^>-Cfc9. Sf£ 
*«5>^BHIt{-J;t). GaN^5'77-114©$ 
I14a IC^lt^TE S i i ^*SttSfc^{Jgti ^ 

[0 0 8 7] Z(Dfz£>^ TE S i ^OS i^Ga N'<:y 
77-114 1 4 a Oteffi^ffi«IC*afc»#-t- 

S«fc5fclft?K GaN/^>77-Il4(7)$®14a(D 

[0 0 8 8] *tt, ^-T ^ V>/T 1 (I2 5#I) ^fe 
Bfft«PMtl« (IS 5 #180 <D^^{^>^T2 (05# 
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fig) tC&l^T, GaN/<^77-I14^il4a^ 
COTES i<D&ft&mT'tZ>bki>lZ^ 0 4 (d) 

i-«ia*fl=ici9, hy^f/^y^A (tmg) ^oj: 

XfT^*~T (NH 3 ) <Dtfcj££|lfI*&LT, GaN/<^ 

y r —M i 4 ±{Z7kmy yy«TtT E s i <£>#fe*& 

(Dmm^n^tc^ (0 8 (a -2) #B9) ^ItG 
aNil 8Mt5 (0 8 (a -2) #RB) . 
[0 0 8 9] rtf><k 0\Cl,XJ&J$.£tltzG a Nl 1 8 *p 
(M*l nm) <7)«ig*fte<D*|&^,K, Kii«te{4 
10 0(Etfc««li, ±ELfcJ:5*«Jt^|Sfe«I*y«5«fcST 
ES i <Dftm\Z£VmL<i&M^X\,^h<DXtb% 0 
[0 0 9 0] *3BWidJ:S^3W*:Sco«5rit*-ft 

S iconic J; **(Wfc6GaNll8*©flia 

atartm, «iS>:HS«i»J*K-c*>5TE 
S i oW«&^^t>^7KM7 V^flg#tSrtT9 <t5lcLt 
<£>~C\ TES if<DS iOGaN/^777-I14(D^ 
ffil 4 a^^S^Bteftfe^it^tt, TESifOS 
20 i riSG a N^y 77- € 1 4 0il 14a O^ft^fig 
^SB^®*"*"* X 0 left V , GaN/^77-il4 
(Omm 1 4 a OlS^^/K-fcJtSBfclf S:— 

[0 0 9 1] geld, 09(a) (b) ^#SUtfb, 
*^P^«cJ:5^<$S^^ffi^^4 0*m^ffi^ 

[OO92]09 (a-1) (a-2) \Z& S *Z&m\Z- 

30 mumzTikznxisv^ 09 ( a -D 

0 9 (b-2) \z^ftm\zWfr1rZ>h<DXlhZ>o 

[0 0 9 3] ft:fc\ 09 ( a - 1 ) iC^i-tWBJi, m 3 
(b) i^tftii^iSt^t^^fe^ 0 9 (a - 
2) fcS-MKHHt, 0 3 (d) Il*t«il:mt5{) 

[0 0 9 4] $/c, 09 (b) (Cite, MOCVDS^ffl 
V>T0 9 (a-2) fC^i-*BI«3SS:?R*-r5*<0*a.a 

[0095] ::*e, *38^«cj:s^*#JBojB**rfe 

40 <nm 4 (o%m<omm t *&w\z ± 5 nm^m 

G a N/^;77-i 1 4 CO^S UaCTESi (7)^.^: 

W^LfcCO^^UT (0 3 (b) ft feme: 12 4 (c) # 
J&m&, GaN^y77-114^I14aCTES 

i ^tt^-r^ <b k h\zm<Dmm<ommxfawmmw(Di& 

[0 0 9 6] J:«9i¥^B(C(i. *»Wfc±S***«<o» 
50 ^*tt^»l©||«50«IBfcra«UUT»**ixfc^y 
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7 7~l/t3G a N/<-;77-i 1 4<7)iffil 4 a td x 
T E S i Sr#«&^-£ titlCTMl n (0^fc?T>i 9 

[0 0 9 7] t£oT, &fck LT06H-S i C (0 0 

o l) S«i o_h{c x ^;y77-l£ LtA l N (mt 

TA-^-^iO W|12«U ^CO^, SAIN 
i^jgll 2^1^ /<^77-i^LtGaN/<'777-i 
14 4rMt5St (03 (a) #RS) <D&J1^^ 
(04 (a) (b) tf v ±|SL^*^0Jtc:i:^^ 

^ftlcoffM^ft^Sg l oUffi^flgoKj^lftP^ £ m 

[0 0 9 8] Wb. 0 4 (a) (b) id^^^f- 
i!)M^:GaN/<^7-I14 (0 3 (a) # 

ho (ommc^ m9 (b) ^^^^#^<t^^-r^ 

(0 5#fiS) tTESi$:«t5 (17 (a 

- 1 ) mm) o 

[0 0 9 9] COBB. GaN^-777-114(DgBl 
4ai:ll TESi^Mt^tiaMInm^tl 

<9 . G a ^77 — 1 1 4 <D^m 14a 6 T E 

Si^Si CQ^®fctfcrtH£it£*t&o 

[0100] ^(Dfzbb, TES i^^S i^Ga N'<:y 
77-114 (7)^® 14a ^fe{5:^iBt-^^®*-r 
GaN/<777-Il4(D$I14a^ 
Jiff ^ U-i/U{C*5 It 5 $ tt 3o 

[0101] IT, 5 1 (@5#B) 7i>b 

fig) tc&l^T, GaN^^77-|14(OiSl4a^ 
(OTESi©«^Tt5^«b{)(C, 14 (d) 
i"*Qia*m-«J: 9. hy^f;^Di?A (TMG) jo J: 
X$T>*~7 (NH 3 ) OWj&Srgfji&LT, GaN^y 
77-1 1 4 1ICTM I n t H^TES i <D<&1fe<D%± 
mZtfotzftm (09 (a -2) #fig) ^UGaN 
11 8*«J*1-S (B7 (a -2) #flg) o 
[0 10 2] IOj;5li:LTM*ixfcGaNll 8f 

ES i <Dftmz£. 9*L<{g;«LTV^5fc<E>-Cfc£o 
[0 10 3] o£<9. *38Wlc«t6^a|ft:|B(ojgriE*i5fe 

E S i <Dm&\C£ t). **Mfc5G a Nil 8 ^C0« 

ES i©Mttt>KTMI n<Dflrtfcfcfir5 «fc?te:Ufc 
(OX\ TE S i <p(DS i COG a N^y 77- 1 1 4 <7*g 
ffil 4 a^*5ttS*ffi*£»^(IEil*iX. TESiWS 
i ^GaN^^77-il 4C0^® 1 4 a OiftefiSft:® 
KSBKBfct-rSJ: 3fc*0, GaN/^77-114 
1 4 a <OW^^/ufcfcMt58kfltSr— 
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[0 10 4] JfcUl* HI 1 0 (a) (b) Sr#H&LftriS 

[0 1 0 5] Hi 0 (a) fc»4 % *»WfcJ:S*SW*Jl 

1 £ LTOG a N*BtSr«*i"S^ £ 3ft«tt*&*ixS 9 
4 5 v^*r*-rtftWH^sn-C*5 0. HI 10 (b) 

[oio6] *ftw\z£z*m&m<Dj&f&jj8z 

com 5 <7>3ljft<z> Jgffi t #SSPJJ J: s ^frgcQ^^Ss 

TES i^MiGaNll 8 5:Mt5fc^Mi 
^A-tflJ^A (TMG) ^cfcl^r^^e^T (NH 3 ) (O 
«»fc**ft«^>f ^ V^TtT^^CO^WbT (0 5 

20 <omm^ T E S i <£>tfef£ iGaNll 8 &J&J&-tZ> tl 

&><d h y t^Astfy vj* (tmg) ^i^ry^e^r 
(NH 3 ) (DP^t^igi:^^ * ^^-ctrtoixSto-c 

[0 10 7] StEt IW6H-S i C (0 0 0 

1) SSlOiC, '<y~7 7 — Mb ItA 1 N {MiKT 

Jjll2±^ ^5/77-iatGaN/^y7r-Il 

4Srjgfi8-r5*^ (0 3 (a) #jgo oiaa*!** (m 

4 (a) (b) #Jg) f*. ±SBbfc*5SW^±S^»# 

30 i oHtt<z>i5«8o«if^oiftW t ra«-c 

[0 10 8] ±5»iWl^tt, *3BMJc±6**flclBO«f 

LTT E S i <Dmj&<Dffii& (@5^^> ls?T 1 mm) 

t. G a NI 1 8 S:^t5t»<0 h !) ^ «? A 

(TMG) *5it;r^^T (NH 3 ) tOtft*&COBI*& 
(B5NS^T2#§) k#*ft5?^fS^tff 

^tt5tO"Cfct). GaN^^/7r-ll4^I14 
40 a C«il^P(0WMr^^TES i^Ga Njf 18* 

mtiZ1~Z>tl$><D h ]) t^/Utf}) l>A (TMG) *3i:t^T 

v-^e-r (NH 3 ) 4rrt*|!3D*-f ^ 

[0109] *¥&m\z£%*mftm<o&f&2rm<D 

^5<omH&(OmW^^^Xn. GaN^^77-il4 
C0^El4a(C. ^^;^T1 (El 10 (a) #f&) 

"c, 04 (c) icTF-ri&mekfticx r> te s i <d^^ 
mi&~rz>tkh\^ 04 (d) izTjk-tiiim&mz&QG 

a Nl 1 8%m$Li-Z>tc$><D h V t^frtfl) V J* (TM 
50 G) jo^T^^T (NH 3 ) t<Dfc]£*mtitrtZ>o 
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[oiio] -t it, ^t£*^ s i (ia i o 

( a ) #SB) ^bBr^n tl« (HI 1 0 ( a ) #Rg) 
(^^>f;^T2 (BlO (a) (Cjfc^T, Ga 

N^y77-S 1 4cO^Sl 4 a ^(OT E S i <£>#M&£: 

[0 111] >^T 1 (BIO (a) 

#H8) *>&0fJ&*fflt 2 41 (BIO (a) #RS) 

(BIO (a) #fiB) (C^V^T, GaNil 

8&MJ&-t%tztb<Dh V £A (TMG) & J: 

tfT^-T (NH a ) i©«*&SrJ^T"*"S 0 10 
[0 112] tot, GaN/^>77-il4^SBl 
4aCTESi^GaNfl8 ^figi" 5 bV * 

f/Ujf (TMG) ISXrjT^^r — T (NH 3 ) t 

[0113] ^^f, ^^^ni^^>r^^ 

T 2^-e0O^f^B$ra t 1 cor^t-fi, TESi^GaNl 
1 8^Mt^)fc^b^f-^^A (TMG) 
£t>*T>^~T (NH 3 ) h^m££tiX\s^Z><D 
T% TE S i Sr^tfTE S i Mi 1 6^M*tt5 0 
[0114] ^fc, TESi (DmStmT l>fc? «< * > 20 
^T2^f>^^;y^T4lt«C(l GaN|18 

&mf&-rz>tz!t><D b v ^T-jistfv *a (tmg) ioii; 
ry^r (nh 3 ) <^^f&£££ftT^£OT% te 

S i 1 6 (DgtffifclG aNH8 &Ml&&inZ> (B 

10 ( c ) #fig) o 

[0115] ^(DX 0 \ClsX]&f&£fttcG a Nf 18f 

E S i (7)f^fflicJ: »9S : U<l£^LTV^6^(7)r-fc5o 
[OllBlotO, **Mlc:J:S*antJBa>jg**ft 30 

ESitGaNil 8SMt5fe^hMf/l/#y 
^ A (TMG) joit^TV^^T (NH 3 ) t Srl^^PlC 
««i:5iat, *I#lt5GaN|18t©« 

[0 117] #cfc, mil (a) S:#HHL4*«b, #3B 

[oils] 011 (a) \zn, &mm\z£z>¥&fcm 40 
[0119] ::-c, *¥&W\z£Z>¥mftm<oMf&lym 

com e <omm<omm t *mfcm <Die&%m 

&z¥m#m<oi&is.jj&<D9s 5 <DmM<Dmm\cis\,^x\* 

TESi tfe&Jf 16tGaNll8t Sr-ttt-etx 1 M<0 
^MLfc(Dlc*ttt (B10 (b) #H§) % *3S9lfc: 
J: 3 ¥3£#J1 o»«*ffi©SS 6 eoHJS^^ffitt, TES 
i «i 1 6 t G a NI 1 8 t * tttf tlSftiai L 50 
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[0 12 0] LTC0 6H-S i C (0 0 0 

l) S«io±l:, /<j/7r-iiLTAiN (S{bT 

A>* |fl|l2$:MU ^<£>^> SRA1N* 

JKl 2±(^ x s<y7r— mt LtGa N^^r-f 1 
4U $bi-^GaN^^/7r-1140l®14 a 
l-TES i 16i:GaNil8 t ^Mt5JT* 

(B4 (a) - (d) #fla) ±m\^tz 

[0121] ^LT, G a Njf 1 8(7)^ffi{c: N ^-f^ V 

ni (Bio (a) -CB7 (b-i) \zfjk-i-fa 

(b-2) lOTtfei^friaOGaNllS' 
1rZ>tz£><D b V *?si>jf\) VJ* (TMG) *3<tt>*TV^e 
~T (NHa ) k<OV<1&*mth'tZ>o 
[0 12 2] ^Lt, Mfc** ;^T1 (B 1 0 
(a) #HR) d>bBF£l*m t 1« (HO (a) #fiS) 
0^^f;y^T2 (B10 (a) #0S) M^Sl^T, Ga 
N^y77-i 1 4CD3I® 1 4 a— (DTE S i CD 

[0 12 3] 3»*>f ^ >^T 1 (B10 (a) 

mm) frhffi7£i%mt 2& (bio (a) mm) <o^^ 

;>n4 (B10 (a) #fig) fC:fc^T\ GaNll 
8' ZBtiZ-tZtztbCD b y *3vU#!J ?A (TMG) *5 
J;t>*T:/^-T (NH 3 ) i^ft«S:»7t5. 
[0124] -^60^^:, G a Nl 1 8 CDjIS^teT E S 

i m&m i 6 ' tfMtitzti, mmrEs \ w&m 1 e * 

(OiaiCGaNll8' «Stt6 (ill (a) # 
HB) • 

[0 12 5] ^COJ: 9(-LT^0c^tb/cG a Nil 1 8 ' 

* («*inm) <o»j6^Pfe<o^ife*« % sate 

(totett**!*. ±ELfcJ:5*«5ft^Pfefli*iJ4fcK^:« 
TESi <Dftm\z£Vmi,<i&m^X\,^Z>h(DXhZ> 0 

[0126]o^^ *ii(a^^i^)M*s 

ofg6©*js<z>*fB»cj:ixHr, &tfL£tii±*m»m (g 

aNilS) *S&^N&»»J«ft (TESi) 

(D&mt b V (TMG) joJ:t/T>-e^ 

T (NHa) k<Dmt&k*m*)i&L?T? X 9t-bT. ^ 
*ft:S^SGa Nil 8 iGa Nil 8* £ £ffltWl« 

[0 12 7] ^ctc x B 1 1 (b) Sr#fiHL*ase>, 

[01281111 (b-1) (b-2) tcfl. 
ic: J: 5 JB 7 (oHj«fi^?KtBfc J; V ^ 

bTG a N»BtSrJB*-r5tt«B^«F*yiJ^fieo 
rmS;Wt-^^ttT*5t), Bii (b-i) ^^-T^B 

A^Hll (b-2) fC*i-ttH8fc»tT-*-5t>^)-Cfc 
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[0 12 9] *3&Wl t zj:Z>¥mftm<DMfiZJ5& 

GaN^^77-ll 4 4aCTES i tGa 

N® 1 8£JFM1-$*:£>co h V ^^vu#y >)A (TM 
G) ioctt^T^^e^r (NH 3 ) £cO^£^B#lCtfc;&L 

<DMM<Dfc1&l*, GaN^y77-|140|I14a 10 
CTESii:GaNll8 £ffM-r£/c#>C0 b V * ^A- 
JfVVJ* (TMG) joJ:T>*rv^^T (NH 3 ) k &m 

[0 13 0] .tOfflWfctt, J: 

&jjm<on i (d^mcdmm t mm l ltm * *tfc^< * 

77-It5G a N^y77-| 1 4CO*® 1 4 a 
TESi<hGaNll8 £*itf>co h V J ^tVU 

!)<yj» (TMG) #>£TfT^*~T (NH 3 ) t Srflt*& 

-efc£ 0 20 
[0 13 1] Sot, SSt LTC06H-S i C (0 0 

0 1) Ifil 0±l^'v<y7r-it LTA 1 N (Sffc 
T/U:*-*A) 5»Rl 2S:if»*L, ^co^. SiAIN 
SIJUl 2 Ji(C % A<y 77 — JH k L~CG a N'< y 77 — JP 

14S:Mt5it (0 3 (a) #J!B) <£>«L3*ft^? 

(04 (a) (b) #J£) tt, ±IBLfd*fSW^«t«5^ 

[0 13 2] IP^, 0 4 (a) (b) ^*i-*Q.a*fl=K 30 
<fc 9»J*£ftfcG a 1 4 (03 (a) # 

R8) CO*®f^ x ^^;yni (110 (a) #flg) 
08 (b) K*i-*MS*f*|!:j: t>TES i comm&mih 

-r%kki>{^ 04 (d) l^tfelftW-iOGaN 
m 1 8&ffij&-t%titb<D bV t^/UtfV *}J* (TMG) 
»&TfT>*^T (NH 3 ) btDVUfc&mtb-t'Zo 
[0 13 3] ^(Om. GaN^y77-il4©$il 

4 aid*. TES i i:GaN|l 8 Sr^i" Z>tzft<D b 

V **f-)v$y ^ (tmg) *5j:^r>^e^r (n 

H 3 ) £t>(^ iMSt^^ffiO. lpj/c 40 

:/tf>j!BI*K:J; 9TES i *P<DS i COG a N/^y77-f 

1 4co*®i 4 a(cfe^-5*BS»dS{Eif|$ix5o 
[0134] rcofctf). TE S i cpCOS i ^G a N^y 

7 7 -Si 4CO*®l 4 aCOteli^ffiat-^Bi-P^^-t 

5 J: 5^*9, GaN^5/77-il4^il4a© 

[0 13 5] -t LT, ^>^T 1 (Hi 0 (a) # 
HB) a>&JJr£l*BI t l« (010 (a) #JS) co^-f^ 
>^T2 (H 10 (a) #flR) t£*5^T, GaN/^;7 50 
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7 —m 1 4 CO*® 14a —COT E S i (7)M^»Tt 

[0 13 6] — i3B£*^ ^>^T 1 ((Hi O (a ) 
#RS) *>bBr£i*mt 2*g (0 10 (a) #RS) co*-r 
^>^T4 (010 (a) #R8) (C^T, GaNil 

8Srjgfig-r5fc»ob y^?vu#y (TMG) *5J: 
(/7^^7 (N H 3 ) £<D#Me*:|*T1-5 0 
[0 13 7] ^0j:3^LtM^W:GaNil 8^ 
UWlnm) *>*ie*lfc<©*|fe«*. Silfeffi 

es i <Dftm\z£vmis<t&mL>T\s^h<Dx*3bz> 0 

[0 13 8] o£*K *3BMtJ:S^»<*JiOJg^ffi 

ESi^GaNH8 ZtHtXD b V * ^J^iS V 

(TMG) ^iLKT^^e^T (NH 3 ) £cOi*]B##fc 

k&XZ, *fc, «JS^RS»*iJ»K-C*)STES i tG 
a Nl 1 8SrJBSt5feftO h y ^f;^!) (TM 
G) ioit/ry^e^T (NH 3 ) irOl^^J^irirfc^ 
tK^7 >'7 p coflattSrff 5 i 5fcbfc«>-e, TESifo 
S i COG a N/^;77-I 1 4 CO*® 14a 5* 
EitSfcASffiiiSiX, TESi^Si^GaN^5/77 

-J§ 1 4 CO^S 1 4 a ^tett^tiUB^sa^R*-*-* «t 

G a N^<5/7 7- i 1 4(0$i 1 4 a (Ojgf 

[0 13 9] 011 (c) £r#JSLftasib, 

0^ «t 5 **#:«<Z5^*ffi(0|B 8 <D^M<DKm*mW 

[01401011 (c-1) ( c - 2 ) ia*. 

mftMk ITG a N»BISr^i-*tt«3^«p5RJI]^fleo 

T«a;WlJ:*$tLT*5 0, 0ii (c-i) ic*-rtfttt 
?5^B11 (c-2) {z.ffk1-ftm^W<fi-Z>t>(DX&> 

[0141] *mm\c£z>¥m&m<DMf&ijm 

cO^Sco^co^fii^^ltK-r^^, -hlBL*:**^^ 
■i 5^*ft:«^?B**«fe^fB 8 coHJSO^JC^o^Tfi 
G a N^y77-i 1 4COSI® 1 4 a.CTES i t G a 
Nl 1 8«r^/£i-5/ctf><£> h y ^^/W^fy £A (TM 

g) ^it/rv^e^r (nh 3 ) ktDfr&m&lcm&L, 

it<o\cni^x, &mwiz±z¥mfcm<Dtef&*m<Dms 

<Dmt&<W&Wite, G a y?T ~M 1 4 CO*® 14a 
fCTES i i:GaNil 8 &BtfSL-f2> tz.fr <D b V * 
tfVVJ* (TMG) teXX/T^^-T (NH 3 ) k&m 

[0142] jiDKMWfcira:, *¥&W\z&z>¥mi*m<nj& 
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7T— mtzZG a Ns<y?T— € 1 4 CO^ffi 14aC, 
TE S i tG a NJH 1 8 ^ff^i" 5 fc£>CD h y ;*^/U;tf 
y (TMG) teXUTl/^r-T (NH :) ) £ 

[0 14 3] t£oT, Sffi^r LT0 6H-S i C (0 0 

0 1 ) Sl£l 0±(C. y<yZ7r— M t IT A 1 N (^{fc 
T/l^~#.A) MI12eMU %:<0'&^ SIXAIN 
mmi 2±K N ^y^r-if £ LXG a N^y^r-^ 
H^Mt^^T (03 (a) O^l^f^ 

(04 (a) (b) #fiS) f*. ±feLfc*3§91f£j:S^ 

[0144) Hpt>, 34 (a) (b) izTfk-rxm&mc 

i^)M^f;GaN^^77-114 (03 (a)# 
fiS) C0^®|C x (010 (a) #J£) "C 

0 9 ( b ) [Zfjkl-i&m&ftlZ iDTES i^TMI 
0«^^P^^i"5^ <t fcK, 0 4 (d) tdTjH-^Jl^ 
fCj; <9G a NJf 1 8 h V ^=f~^V <? 

A (TMG) *5i:tfT>^~T (NH 3 ) ^r^tt^^f^ 

[0 14 5] ^<om. GaNA-y7r-I14(DSIl 
4 a feft, TE S i ^Ga Nl 1 8 SrJg^i" Z>tc&b<D h 

y^/i^y^A (tmg) *5j:t/r>^^T (n 

H 3 ) <h^tt^^^ttC. TES iCO^irirttCTM 

1 ntfm$£tlZ> h<DX£>V), 3i«^f:TMIn 
«t»CO I n^J: 9. GaN/^y7r-114(Oi®14a 

ic J3 » 5 Jti5o 

[0146] rcD/ctf?, TES i^tOS i^GaN/<>7 
7 7 -Ml 4^11 4 a^iSfifl^lCiff 
5<fc?K:7t«9. GaN/<y77-il4^ffil4a^) 

[0 14 7] ^ir, * >-^T 1 (010 (a) # 

bo -frbm&tm t it (01 o (a) mm) <o?^* 

V^T2 (0 10 (a) #flfj) |C*5VNT, GaN/<;y^ 
r-il 4<£>^@l 4 a^TES i £ TM I n t <D& 

[0 14 8]-*, SK^SV^Tl (010 (a) 

mm) frbmizmmt 2'& mio (a) co^-r 

^>^T4 (0 10 (a) #fig) M3o^T. GaNil 
8&Mf$.-f%tl£><D h y ^A (TMG) *5<t 

wr^^r (nh 3 ) tomzzmrT-tho 

[0149] Z<D£ StCLT^/S^tlfcG a Nl 1 8 
ES i Of^ffl^i 9*U<(S*LTV^St(D-CS>5o 

[0150] os^ *mw\z&z^mi*m<om&jjm 

ES itGaNll 8S:JKfi!E-r5fc«>0 by ^^w^fy 
£A (TMG) jSitfT^^T (NH 3 ) tOBI** 
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£ 9 , *»*lt5G aN|18 ^^Wst^RS^^C 

t^T*#, *it>:»»ISiJft»T*)5TES i tG 

a Nl 1 8 «:**tSfcftW h !i ^ y (TM 

G) (NH 3 ) t(^[5]B*#t*&i: ir 4>tc 

TM I n G0#t*££rfr 5 J: 5 Id Ltz<DX\ TESi *£<0 S 
i COG a N^y77- H 1 4(Ogffi 14a {C&itS^E 
*£»^{jgig$jx, TESi^^S i^GaNA^7r- 

m i 4^^® i 4 a ^teffiSfi:fiJc:SSl-K*i-*«t 3 

10 G a N/^777-1 1 4(Df ffi 1 4 a (7)1^1/ 

[0 15 1] ±EbfcSll6^«1Btt, VXT<F> 

(1) (10) (Cfft^-t-^ <fc 9 l^M-fZ> r t 

[0 15 2] (1) ±|BL^^ffiO^Sg{C^V>T(l. ¥ 
>H&Ji£ LTcOGa Nil 8 £r 1 nmCO^J^J^ft^it 
GaN«I^LTWf6J:5^U^\ rftKBRfcix 

SHEi-6ftir^>#llo*!ia*#o*3E*:tTV\ G a N/1 
20 1 8 frffR^'Vi'? b LT^ifrrs «fc 5 LTfc «fcv\, 
[0 15 3] (2) ±15LfcHJfi^JK|»tc*5V>T(i, 
y77-ifc^Ga N^^i/^r— S 1 4 t^m&mfrZ 
GaNll8^j:i:ti:GaNitfc^ m*h, y<y7 

<, Wx.{}\ /^777-IWAlGaNii^I 
WGaNll 8 ^Sr^^-TS <fc 9(-LTt><tV\ 
[0 154] (3) ±|5Ufc^<7)®#JC^V^TfL M 
30 ^Kig^fei: LTMOCVDSrfflv>5J:5i-Lfcd^ n 

DSMcommmm&m. m^n, 012 (a) i^Ttj; 

5^, MBE (Molecular Beam Epi 
taxy) x CBE (Chemical BeamEp 
i taxy) , HVPE (Ha 1 i de Vapor 
Phase Epi taxy), GSMBE (Gas- 
source Molecular Beam Epi 
taxy) , MOMBE (Me talorganic 
MBE) N LPE (Liquid Phase Epi 
40 taxy) , CVD (Chemical Vapor 
Deposition), **<y9 V 'tLtcteMQM 

[0 15 5] 0iJx.fi. G SMBEfe^ffl^/c^^fi, 

0 1 3 t^Ga Nmm*Mj&-rz> x 5 
\cfccx&m&m2kftm<D&^&ft^i*£\,\ 

[0 15 6] (4) ±ELfcSaiSO»18Jcisv^-CH:. S 
StU6H-SiC (0001) SrfflV\ «5g^RS«l 
50 IM^LTTES icos i *«*ie$lx5 J: 5 U » 
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mfat Lxmti/v (6h-s i cmm, 4h 
-s i ess) . mtisy ^>ti/v ^^tcnmmmm 

0 ic/s is® , i/v^^&m (s > v 
7T4rmte (a 1 2 o 3 s«) , mkm£tV7T^ 
Ttnmm&m (zno/M 2 o 3 s«> . 

(Ge$«) , t^y>A£S (GaAsS 
}£) , tft^y^^Sfi (InAsSffi) , 

y->^s« (GaPSS) . yv^y^^ASi (i 

nPSfi) ~£fzl$X t^/HS (M g A 1 2 0 4 . Li 
GaO z ) ^fflt^J:5^ttt £< (Ml 2 (b) # 

-AI^H (tK^) , I I'AlOBe (^y 

A) % Mg (^^v^A) , I I I-Bi£cDAl (T 

, G a (# y *A) , I n Wy^? 
A) % IV-BS0C , Si (<r>f*) , Ge 

(/f/Wv~ r>ix) x Sn (*X) N V-B^<£>N 

i) , p (yy) , As (ti) , sb {tjv^ 

» % ifcttvi-B«oo mm) s s mm > s 

e (IrUy) , Te (tvWW) 3rffiV^5 J; 0 \ZL IT t> J: 

< (mi 2 (c) mm) , m&tstizffimiKmmmz 

K) , S i (i/Jlay) , Ge (^/l^— , Si 
C, S i G e . SiCGe "Cfc&TK I I I - VflellTG 
**»*tfc5BN, A IN. G a N x I n N. BP, 
Al P, G a P. I n P. B A s , AlAs, G a A 

s, InAstWK I I I -VIH^M^ 
-C&SBA IN, BG a N, BInN, A 1 G a N. A 

1 I nN, G a I nN, BA1P, B G a P N Bin 
P. AlGaP, Al I n P. G a I n P, B A 1 A 

s , BG a A s , B I n A s , A 1 G a A s s Al In 
As. GalnAs, BN P. BNA s , BPAs, A 
1 NP, AINAs. A 1 P A s , G a N P N GaNA 
s. G a P A s . I n N P , I n N A s , InPAst* 

£>3a\ i i i -vmmyv^m^mt^xh^>BA 1 g 

a N, B A 1 I n N. BG a I n N. A 1 G a I n N, 
BAlGaP, B A 1 I n P, BG a I n P. A 1 G a 
I n P, BAlGaAs, B A 1 I n A s . BGaln 
As, AlGalnAs, BA1NP, BGaNP, B 
InNP, A 1 G a N P N Al InNP. GalnN 
P, BAlNAs, BGaNAs, BInNAs, Al 
G a NA s, Al InNAs.Ga InNAs, BA1 
PAs, BGaPAs, BInPAs, AlGaPA 

Al InPAs. Ga InPAs. BNPAs v A 
INPAs.GaNPAs, InNPAs X$>Z>ti\ 4 
fcttII-VI^i*tfc5ZnO, ZnS. ZnS 
e N ZnTe. CdO, CdS, CdSe. CdTe. 
ZnCdO. ZnCdS, ZnCdSe. ZnCdT 
e, ZnOS. ZnOSe, ZnOTe, ZnSSe. 
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ZnSTe, ZnSeTe, CdOS, CdOSe, C 
dOTe. CdSSe, CdSTe, CdSeTe, Z 
nCdOS, ZnCdOSe. ZnCdOTe, ZnC 
dSSe, ZnCdSTe, ZnCdSeTe, ZnO 
SSe. ZnOSTe, ZnOSeTe, ZnSSeT 
e. CdOSSe, CdOSTe, CdOSeTe, C 
dSSeTeHttJ;^ (012 (d) 0 

[0157] -<Dm. m&£tiz*mi*m\zteKX¥m 

10 \i\ 

[0 15 8] (5) ±SSUfc*5SWI-«ti*W#JlO?K 

i&$$L£titz¥&#m$:, hy^f/^y^ (tmg) 

irT^^r (NH 3 ) SrfflV^G a Nfi: Ufc^. ^ 
<>J» (Ga) , h^f/^y (TMG) tititeh 

yzr.^/utf})&j* (teg) Ii7^/K rv^e 

~T (NH 3 ) , ^/^f/Vt K7^ (MMHy) 4 
fctt^^H: K9i^> (DMHy) itffll^GaN 
20 it'fcotti:<, 4fc, @<*:^y^^ (Ga) , hV 

t^sistfy $ a (tmg) ifcfcft h y ^^vwtfy «>a 

(TEG) SflsT/l-^^^A (A 1 ) s hU><^^ 
T/l^^^^A (TMA) , hyxf/WT/V^^A (T 
EA) % hy^f/U7^77y (TMAA1) % 

f/i/xf/vr^yryy (dmeaai) ^tiihy^ 
yyfyw^^A (tibai) <h> ^M^^io 
/i^ N T>^t^r (nh3) , ^e/^f^t K7->'y (m 

MHy) ifcfl^^^/l^fc K9S*V (DMHy) t ^rffl 

30 (ai) , hy^f;yr;^;^!>A (tma) . hyx 
^T/^^-^A (tea) , hy^f;^-;yT7y 

(TMAAI) , ^f;Vxf;l/T^y7 7y (DME 

aai) y^y^r^^^A (tiba 

i) r>-e^r (nh 3 ) , ^ey^ 

f/yt K7^V (MMHy) SfcttS^^vH: K7^ 
(DMHy) t^ffl^tAlNit'tiV^ (HI 1 4 
(a) #ffil) 0 

[0 15 9] (6) JiELfe*»WlcJ:5^#:jH(ojB 
40 twsi^)«^7h7xf;yi/7y (TESi) &m 

•9. HttVJJ ay (Si), ^7/ (SiHj , 

^> (S i 2 H 6 ) , y^/W^y (CH 3 S i 

H 3 ) , S^^vW^y ( (CH 3 ) 2 S i H 2 ) % *J 

xf/v^y ( (c 2 h 5 ) 2 s i h 2 ) . b y ^^yl^ 

^7^ ( (CH 3 ) 3 S i H) % hyxf;l/V7V 
( (C 2 H 5 ) 3 S i H) *fc^ ^/Wi/^y 
(TMS i) icioTSi «rflfcJ£^5 J:5KLTfcJ;V* 
(Hll 4 (b) #RS) . 
50 [0 16 0] (7) ±^tt&m\C£Z>*mfcftm<D 
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aNi^* , 2 OS: li^If^ipiat^ 
(0 7 (a) fcbWC01 1 (a) #fig) . -tlJCllSb 

?\cl,Xh£\<\ 

[oi6i] (8) ±m^tz*mw\c£z>¥m&{*m<o 

E S i i 1 t>fci7k«9 ^^«:fflv^T*S:RHW 

-TSiSKLfcas (H8fte>tf^iai l (b) #HR) % 

Pfe«I*J»K* G a N^y7 7 — S 1 4 <£>3t [5 14a fCffc 

IS fd. L/— if— ( 1 0 0 n m~ 10^n 
«*r*Ti-5t>0\ fclaitf* ^*v"^U— If-, He-C 
d U— if — % A r U— if — , K r U— if— , H e - N e 
-if-. N 2 if-^5VN(^^^U-if-7t 

if) , s**?^^ ^^y>^>^tj:t^m^\ m 

^GaN^«;77-ll 4 C0^® 1 4 a f C P^Si" £ J; ? 
[0 16 2] (9) ±BLfc*3BW«c«tS^#*ft:»<0 

^^r&^m 4 omfc^te/* b mem 8 (ommtomm 

{CjoV^TfL TES i^ifettfelJlTMInOMS: 
tT3 £ 5tcL7^ (0 9#<bO^0l l (c) , 

> I I -A«©B e (-<y V N Mg (-^ 

^i^A) , I I I-BJ£ct>A1 (T;l^~#A) % 
Ga Wy^A) , In „ IV-B®*<7> 

C (K*) . S i (^r-T*) , Ge (^Vvx^) N 
Sn (*X) % V-Bi(DN (S*) , P (^) % A 
s (fc*) * Sb (TA-T^ev) , *fcteV I -B»5<£> 
O (K^) , S (flfcjtt) > Se (irlx^) , Te ("7VU 

J&^FiztcMt&yn t ItG a N'<y 7T— JS 1 4 C0^® 

[0 16 3] (10) ±BLfc*Hl«>»li*b^K:±IE 

(i) nm o) as^iB^to-fra 

[0 16 4] 
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[01 ] 6 H-S i C (0 0 0 1) SffilCA 1 

[02] ELOj£«dct 9S«±tCx<o/7T-^Sr^UT 

0. (a) f*g5 1 <&G a Nil JilCj^tf)-^;*^*-- > 

(b) tt|2©Ga NJi*:»*Lfc*1B«:**tti^-*- 
10 IftP^0-Cfo^o 

[0 3] *8»ia o 1 6 H 

-S i C (0 0 0 1) a«±iCGaN3»«S:»ric-rS« 

«BSr«F»w*cttoT«a;wic*-rtftwig-efc o , ( a ) 

li6H-S i C (0 0 0 1) g^_t(CA 1 NftfltfrflSjA 
U ^^A 1 N?*«LbfclG a N«Sr^Lfe«tlBS:«ta; 
Wl-*i-»WHT*>0, (b) liGa Njf<7)Sl®{C^ f 
^^^/Ui/^V (TESi) «:#tJ|&Ufc*tBS:*a;«J^ 

^-tmwmxtbv N ( c ) w^^tes icds i 
20 tfct), (d) i±«iia6^i^)M*ftia 

oT6H-SiC (0 0 0 1) SKJilCff^^tLfcG a 

[04] MOCVD»^tl3 (d) K*-rSMg#|ig 
&Mf&1r&m<D&m&i*&7F-rmX&>V) , (a) (i6H 
-S i C (0 0 0 1) S«±{^A I N*BtS:»J«-rS t 

£ cD#ya*{*£r*i-s-es> o . (b) »ai N*^jb(- 

mxtb*)^ (c) ttGaN^y7r-I±l:TESiS: 

i: # oMsa^sr^-r^-e*, 9 , (d) any 
30 ^^-/u^fy^A (tmg) fcit^r^^e^r (nh 3 ) 

[0 5] i5*»fM©»«*»o» 1 osas 

(DMffiUcXV^ TES i t^mWmt bTCOG a N»JK 
[06] TEMia5i3 (d) tC^^WHim^O^T® 

[07] (a) f±, *mwiz£Z¥m&m(Dmj&jtm<D 
m2<Dmm<Dmm\z£V)¥mftmt uca Nmm*m 

40 ^Lfe*«8S:*SC:ttl^i-|ftWH-e*>0, (b) rtc, M 

ocvds^v^ (a) \z7F-rmmmm*m&~tz>m 

[08] <a-l) (a-2) ^WfcAS^W* 

G a N»«*»*Ufc*ttS:l**yiJ»Ctto-C«a«JlC« 
-TiaP^0T*fcf9. (b) (i. MOCVDffiSrffl^T (a 

-1) (a-2) ic^i-iiiwBjfti^rsiRoiaai* 

[09] (a-1) (a-2) 11, **9JIC J:*^**: 
50 »<o»**ftoSB4<DSaifc<o«tBicj: «9 ^Wfrgt IT 
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G a N*BI*»*Ufcttt»S:B**5iltc!*o-t*S;W»c* 
-rtft^[aT*#><9, (b) 14, MOCVDMfflV^t (a 
- 1) (a - 2) Ji*i-WBWia6SrJgfifci-SRlWfti3a* 

[010] (a) (4, *38Wfc:±S¥i*iHi<OJBJ*;fr2fc 
<£>fg 5 £9, TESit ¥>»#Jf t Lt 

&mi-®.wx-h*), (b) *«WJwi5#*flca<o 
i&f8.j3m<Dn5<Dmi&<Dtem\c£. v^m-frmt ltg a 

[Hill (a) (4. *«Sia5M#l®M*ft 
©SB 6 <0*lt<7)JBffilC«t i: LTG a N«JH£- 

mat istztkm*m#.mz.7T;-fmwmx'3b 9 , ( b - 1 ) 

(b-2) f4, *»91K±3¥i*{WB<D«j«#ffi<D3B7 
©SEKSOJKfflUCi tJ^^t LTG a N»«Sr»ritU 

fc«t«Sr«p*5ijK:f£or*a:w»^i-Biwia-e*> 9 , 
(c-i) (c-2) *mmK£z¥m&m<oi&f$. 
^mco^8<r>mmnmm^i.'o^mt^mt ltg a n» 

[mi 2) *ftmz£z¥mfcm<Dmm.%mizm^xm 
^z^tnx'zz&mmi&jim (a) , s« (b) , m 

*:^«§wi (d) «r*-r«-c*>*. 

[013] G SMB Efe^rffllTG a Nfglr»Mt5 



^C0#iJg3M4:£?S-ra?T-fo 9 . (a) 14 6 H-S i C 

(0 0 0 1) g«_h(CA 1 t#co«tS 
*#Sr*i-*-C*> f? , ( b ) f4A 1 NUMLLICG a N-^ 
y 7 r -m%Mf&i-Z> t f co*aS*^^r^ Li"ilT'fo 
9. (c) liGaN/<y7r-i±l:TESi^l&t 
£<t#©&Jl*{t£;^-f^T#><9, ( d ) <4 h !J ;>< :fvu 
(TMG) *3J;D«TV^-T (NHj ) SriifefS 

[014] *&m\zJ:z>¥mftB<Dmj$.i3mzts\,>xm 

£*L3¥*fMi (a) . fltit^PfetfifrJ^M 

(b) sr^-rat-efcs. 

1 0, 1 0 0 6H- S i C (00 0 1) 

12,102 a i umm 

14 G a N^77r-i 

14a MM 
16 T E S i tftl&JI 

20 18, 18' , 20 Ga Nl 

200 mm 

2 0 2 ^y77 — B 

2 0 4 Sgl <DG a Nil 

2 0 6 -v*^ 

2 0 8 m2(DG a Nl 
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im2] 



2oe 



204 
202- 




Sulfate 



(a) 



200/ 



-Hi< 11 G I \\ \\ \\ wr l w 



206 
I 



(b) 



— r 



1J 



m tnmiro eedzd 1 m 



/ 
/ 



[0 7] 



(a) 



3C2GaNJB 


\^20 


MlGaN® 




/0 


GaNA^r— B 






A 1 N/g 


— ;^ 


6H-S1C 


- 7tf 



-TESI© 



(b) 



<b-1) 




SS: 1080& 
m^l:7eTorr 

TESi^Hga(^CSt^iJ7) :32nrnol(96nmol/min. ) 


(b-2) 


GaNfSgB* 


j^g: lOSOg 
E^3;76Torr 

TMG^J&aefTK^^r'JT) ; 46// mol/min. 
NH3«t*SS:2SLM 
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[EJ3] 



(a)QaN/ AIN fflW/fcft 
74 



7^ 

70 



GaN(~Q. 5*m) 



6H-SiC(O0O1) 



AIN (a) 



74- 

72 
70 



TESt 



GaN(~0. 5^ra) 



6H~SiC(OOOD 



TMG/NH3 



74 - 

7^ - 
70~ 



-O nor 



GaN(~0. 5/xm) 



6H-SiC(0OO1) 



74^ 



GaNS 18 



GaN(~0. Sgtrn) 



6H-SIC<0001) 



(b) 



[01 0] 



T1 



T2 



tl 



TESi(B0«£ 



t2 



TMG/NH3(7>et*& 



GaNjg 



AINjf 



6H-SiC 



T4 



73 
76 
74 

-72 
lO 



mm 



[B8] 



14a 



(a) 



(b> 



14 ^ 




12 ^ 




AINjg 


10 — 




6H — SiC 



TESiCD 



GaNjf \ f 


— 75 


















6H— SiC 







(a-1> 


(a 2) 




iSJ^E: loaojg 




E^3:76Torr 




TESi«|&a(^K^4'VUT):32nmol(96nmol/min. ) 
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[134] 



(a) 


6H-SiC(0001) 
AINSSgS 12* 


: NHa/TMA 

=0. 09(mol/min)/2. 2(/4rnGl/min) 
= ~4000O 


(b) 


GaNj§14£ff£fift 


&J$^SF^S *J :76Torr 
ISStf X : NHa/TMG 

=0. Q9(mol/min)/48C/i mol/min) 

= 1875 

^J? : ~0. 5±ini 


(c) 


GaNHl4Jl(C 


£J&£SP*)££ : 1 osoTc 

&JS3£® I*] I± tS : 7 6Torr 

:TESi(pK*^rA"J7) 
= a2nmol(96nmol/'min) 


(d) 




J5JC|£Srtl±*3:76Torr 

Dimitf X :TMGft$&afi<7KS^rV , jT)46 ,u mol/min 

:NH3tt*ga 2SLM 
iS XttlSB^Ril : 1 5min 



[09] 



TESi 



TESiCO 



(a) 







GaNg 


/ 

I 








GaN/ tylr— M 






-m 






;^ r 




AIN|g 




AINS 




JO ~ 




6H-SiC 




6H~SiC 












(a-1) 


(a-2) 









(b) 



swum 


Sfi:1080fi 


ff*:76Torr 




TESi**8S(^^VUr):32nrTOK96nmolXmin. ) 




ln(TMIn(Cj:ygt|g) ; 1nmul(^-/^^) 
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[mil] 



GaNJH 










/e y 


GaN® 






TESi{fc*&g? 




v 16 






— - 74 


AINff 






; 6H-SIC 




70 



(b) 



/4a 

72 ' 
10 ~ 



GaN/ iyVr-m 



AIMS 



6H-SiC 



(b-1) 



GaNJH 



AINS 



6H-SiC 



(b-2) 



(c) 



14a 

12 
lO 



TESi 



4$) if a 



GaN/<v7?T— JS 



AINjg 



6H-SiC 



GaNJS 
TESiftlfiJi 



GaN/ tv^T—M 
AINg 



6H-SiC 



Cc-1) 



(c-2) 
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[112] 



(a) 




MOCVD. MBE, CBE, HVPE, LPE, GSMBE, MOMBE 
CVD, X/*t/*U>{/\LPE. g£&£;2; 3* 


(b) 




ZnO/AlzOaStS, Ge£lfi v Xtf*.»U£t6 
6H-SiC£Jfi, 4H-SiCS*R, SiC/Si&ffi. SiS& 
+K7WJ*(AI 2 0 3 )gttL GaAsgftu InAsSfc. GaPS« 
InPjSfc 1? 


(c) 




•<lft)H -(VflDN, P. As, Sb 
-(life) Be, Mg -(Vlfc)O, S. Sr, T« 
■(IHSE)AI. Ga. In 
•(IVft)C. Si, Ge, Sn 


(d) 




C($f-f-V*>K), Si(i/ijzil/), Ge(Y;l/V-OA), SiC, SiGe. SiCGe 

BN, AIN. GaN, InN. BP. AIP. GaP» InP. BAs. AlAs. GaAs, 
In As 

BAIN. BGaN. BlnN. AIGaN. AllnN. GalnN. BAIP. BGaP. 
BlnP, AIGaP, AllnP, GalriP, BAIAs, BGaAs, BlriAs, Al 
GaAs, AllnAs. GalnAs. BNP > BNAs > BPAs, AINP, AINAs. 
AlPAs, GaNP. GaN As. GaPAs. InNP. InNAs. InPAs 

BAJGaN, BAIInN. BGalnN. AIGalnN. BAIGaP. 
BAIInP. BGalnP. AIGalnP. BAIGaAs. BAIInAs. 
BGalnAs. Al Gain As* BAIN P. BGaNP. BlnNP. Al 
GaNP, AllnNP. GalnNP, BAI NAs, BGaNAs, BlnN 
As, AIGaN As v AllrtlMAs. GalnNAs, BAIPAs. BGa 
PAs. BlnPAs. AIGaPAs. AllnPAs* GalnPAs. BNP 
As. AINPAs. GaNPAs. InNPAs 

-II Vlfc^#{* 

ZnO % ZnS % ZnSe. ZnTe. CdO. CdS. CdSe. CdTe. ZnCdO. Z 
nCdS. ZnCdSe. ZnCdTe. ZnOS. ZnOSe, ZnOTe. ZnSSe. Z 
nSTe, 2nSeTe % CdOS, CdOSe. CdOTe. CdSSe, CdSTe, Cd 
SeTe. ZnCdOS. ZnCdOSe. ZnCdOTe. ZnCdSSe. ZnCdSTe. 
ZnCdSeTe, ZnOSSe. ZnOSTe, ZnOSeTe. ZnSSeTe. CdOSSe. 
CdOSTe. CdOSeTe. CdSSeTe 
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[111 3] 



(a) 


6 H — S i C (0 0 
0 1 ) mi&VtiZA 1 


: 8 0 0°C 

ft AritJI£*l*l£:tJ : 3 x 1 0 ~ 5 Torr 
: @f*A 1 

7 - K-b v-fejua* 1 1 0 0 e C) 

MH,A'7 (2 SCCM) 
BtJs : ~ 2 n m 


(b) 


A 1 N53J8t±l::G a 


&H£S:§g«>£j& : 7 0 O'C 
&&&B&m.toE.± : 3 x 1 0 5 Torr 
K» : SftG a 

K-b>-b*a*9 ocro 

NH,W (2 SCCM) 
fitB : ~ 0. 5 Mm 


(c) 


G a N JUlII. S i fe 

(merits 


«UIAIEStE^r : 7 0 0«C 

6 AJ*JESBnE2 : 1 x 1 0 7 Torr 

BU4 : Bf*S i 

K-b>-b^a*1 10 0*C) 
J8J9 : —0.3 n m 


(d) 


S i £i»£U£G a 
NJg±l'G a NJg£ 


£l|j£li&f&aj& : 7 0 0°C 
^SfiS««!HrtS* : 3X10"' Torr 

mn •. mwG a 

(23t- h't>t^jg«900 4 C) 
NH 3 :tf3. (2 SCCM) 
Stm : 0.5 <a m 



[HI 4] 



(a) 


-@«:^U^^<Ga).HJ^;^'J^A(TMG)*fcliHJn:^;U5b-ijOA(TEG)fc. 
U^ACGaK HJ^W^'J«>A<TMG)*fcl±h'j3:f L ;U^f , JOA(TEG}fc. 

r;^-^A(A0» h'j ^;u7;u^o a<tma) % hjx^jutjus— o a(tea) „ 

-©ttT^US^ACAlK h'J >^ J U7;U5-^ A (TMA) . MJX^I/7/l^O A(TEA) , 
K^V><MMHy)*^tt^>^iW:K^?>(DMHy)t«fflUfcAINB 


4M 
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(72) aw* ea* m 

**iitt«m**ES<B«i 1 -13- 2-3 

(72) *w* art »- 

«f3E*S± JMiBflJR 2-4-27 

(72)igw# nm %it 
rt 



F* — 5F041 AA31 AA40 CA23 CA33 CA34 

CA40 CA65 CA77 

5F045 AA04 AA05 AA11 AA18 AA19 
AB02 AB05 AB06 AB07 AB09 
AB11 AB12 AB14 AB17 AB18 
AB22 AB23 AC01 AC07 AC08 
AC09 AC12 AD14 AD15 AE23 
AF02 AF03 AF04 AF06 AF09 
BB08 BB12 CA11 DA53 DQ08 
EE12 EE18 EE19 HA18 HA19 

5F073 CA07 CB02 CB04 CB05 CB07 
DA05 DA35 

5F103 AA04 AA05 AA08 BB06 DD02 
DD03 DD04 DD05 DD06 DD07 
DD08 DD11 DD13 DD16 DD17 
DD21 DD23 HH03 LL02 RR01 
RR08 



